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Crater  Lake  certainly  is  a  gem;  one  of  the  crown 
jewels  of  the  United  States  which  we  call  National 
Parks.  Indeed,  no  other  country  has  such  a  national 
heritage  of  natural  areas.  Crater  Lake  occupies  a 
special  place  in  the  memories  of  anyone  who  has  ever 
visited  and  learned  its  geological  story.  It  also  oc- 
cupies a  special  place  in  classic  geological  thought 
and  theory.  Any  geologist  can  tell  you  why.  To  a  major 
degree,  Crater  Lake's  fame  results  from  its  geological 
past  and  the  ability  to  interpret  that  record  today. 
That's  what  this  book  is  about. 

My  intention  in  writing  and  producing  this  little 
volume  on  the  geology  of  Crater  Lake  National  Park 
stems,  from  a  desire  to  explain  this  wonderful  bit  of 
landscape  to  park  visitors  and  others  interested  in  the 
park.  Although  it's  meant  for  the  layman,  trained  geo- 
logists may  find  some  of  the  ideas  refreshing.  In  plan- 
ning and  actually  carrying  out  the  myriad  details  re- 
quired to  prepare  even  a  small  book,  I  have  attempted 
to  keep  both  audiences  in  mind.  The  results  of  this 
effort  can  be  found  in  the  abundance  of  photographs, 
diagrams,  maps  and  tables,  to  display  Crater  Lake's 
geology  in  a  graphical  manner.  These  are,  of  course, 
familiar  to  geologists  but  also  helpful,  I  trust,  to 
every  reader. 


IV 


Although  interest  in  the  geology  of  Crater  Lake 
has  increased  in  recent  years,  especially  since  Mount 
St.  Helens  started  erupting  in  1980,  much  of  the  scien- 
tific literature  is  older.  Many  of  the  concepts  in  this 
book,  applying  to  the  geology  of  the  park,  have  been 
taken  from  studies  of  other  areas.  For  those  with  a 
continuing  interest  in  volcanology  and  calderas,  I've 
included  a  reference  list  in  the  appendix.  Another  ap- 
pendix aide  is  the  index  keyed  to  the  more  technical 
terms  required  to  convey  the  concepts  used. 

Many  friends  and  colleagues  have  assisted  in  this 
adventure.  A  special  word  of  appreciation  goes  to  Dr. 
Charles  Bacon,  with  the  United  States  Geological  Sur- 
vey, for  his  unlimited  patience  in  responding  to  my 
unending  questions  and  for  his  extra  effort  to  include 
me  in  numerous  field  activities.  Thanks  go  to  my  wife 
Sharon  for  typing  assistance,  Betty  Hansen  for  a  thor- 
ough reading  of  the  entire  manuscript,  and  Larry  Smith 
for  his  critical  review  of  the  first  chapter.  The  nec- 
essary field  study  provisions  were  made  possible  by 
Mark  Forbes,  Ron  Warfield,  Hank  Tanski,  and  Pat  Smith 
of  the  Crater  Lake  National  Park  Service  Staff.  Thanks 
to  everyone  ! 

K.R.  Cranson 
Lansing,  Michigan 
May  1,  1982 
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Chapter  1 
Discovery 


Late  in  the  afternoon  on  June  12,  1853,  a  small 
band  of  gold  prospectors  rode  slowly  up  a  mountain  draw 
in  south  central  Oregon.  They  were  in  search  of  the 
legendary  Lost  Cabin  Gold  Mine  and  the  instant  fortune 
that  it  would  surely  provide.  Although  details  are 
sketchy,  it  appears  that  three  members  of  this  party, 
John  Hillman,  Isaac  Skeeters  and  Henry  Klippel,  were 
ahead  of  the  others  and  unaware  of  what  existed  just 
beyond  the  ridge.  Little  did  they  realize  what  the  next 
few  hours  ha^^  in  store  for  them,  and  ultimately,  the 
entire    United    States. 

These  men  had  arrived  in  Jacksonville,  Oregon,  the 
previous  fall.  They  had  come  for  the  new  gold  "diggins" 
discovered  in  the  local  streams.  The  winter  of  1852-53 
was  especially  severe  with  early  snows  and  a  scarcity 
of  provisions  for  livestock  as  well  as  the  people  of 
this  small  mining  camp.  Spring  had  brought  new  hope  and 
the  prospect  of  riches  in  the  gold  fields  around  Jack- 
sonville . 

As  preparations  were  being  made  to  head  out  to  the 
gold    fields,    eleven   miners    from   California      arrived      in 


1-1  WILLIAM  GLADSTONE  STEEL  Steel's  first  visit  to  Crater 
Lake  spawned  the  national  park  idea  for  the  region.  This 
thought  was  shared  with  Dutton  who  suggested  having  Presi- 
dent Cleveland  reserve  ten  townships  for  a  public  park. 
Steel  is  responsible  for  naming  many  of  the  features  in  the 
park  as  well  as  much  of  the  early  scientific  work. 


town  and  purchased  large  amounts  of  supplies.  Although 
th(^y  were  secretive  about  their  mission,  one  Calif or- 
nian  became  quite  talkative  and  told  how  their  leader 
knew  of  certain  landmarks  which  would  surely  lead  them 
to  the  Lost  Cabin  Mine.  This  discussion  was  of  great 
interest  to  some  of  the  locals  and  when  the  Califor- 
nians  left  town  the  next  day,  eleven  Oregonians  were  on 
t'  r  trail.  A  game  of  "hide  and  seek"  developed  be- 
tween the  two  groups  until  provisions  began  to  run  low. 
Then  for  a  few  days,  they  searched  for  the  mine  and 
ihunted  game  together.  The  lack  of  food  caused  most  of 
the  men  to  return  to  Jacksonville  but  seven  continued 
the  search. 

Upon  reaching  the  crest  of  the  ridge,  the  three 
miners  encounterd  a  deep  basin  containing  the  most 
beautiful  lake  any  of  them  had  ever  seen.  Cliffs  tower- 
ing over  a  thousand  feet  high  surrounded  the  deep,  blue 
rfater  of  this  mysterious  lake  that  stretched  out  before 
them.  Hillman  was  led  to  call  it  the  bluest  lake  he  had 
ever  seen  and  the  others  made  similar  comments.  After 
considerable  discussion,  including  a  vote,  they  commem- 
orated the  discovery  by  writing  "Deep  Blue  Lake"  on  a 
page  torn  from  the  back  of  a  memorandum  book  which  one 
of  the  Californians  carried.  This  was  placed  on  a  stick 
near  Discovery  Point  along  the  rim  just  west  of  Rim 
Village.  Upon  returning  to  Jacksonville,  their  dis- 
covery was  confirmed,  for  no  one  knew  anything  about 
the  lake  that  the  party  of  prospectors  had  found.  Since 
gold  was  more  important  than  deep  blue  lakes,  the  dis- 
covery was  quickly  forgotten. 


£Qrlv  Visitors 

Although  it's  not  known  if  any  of  this  original 
Igroup  ever  returned  to  the  site,  other  early  residents 
did  visit  the  lake.  Nearly  ten  years  later,  on  October 
21,  1862,  a  party  of  mule  packers  and  gold  miners  led 
by  Chauncy  Nye,  happened  onto  the  lake  while  returning 
to  Jacksonville  from  the  John  Day  country  in  eastern 
Oregon.  Their  brief  description  and  location  of  "Blue 
Lake",  as  they  had  named  it,  appeared  in  Jacksonville's 
Oregon  Sentinel  and  became  the  first  published  report. 
In  early  August  of  1865,  two  soldiers  from  Fort  Klamath 
stumbled  upon  Crater  Lake  while  hunting  game.  Later, 
they  returned  accompanied  by  Captain  E.B.  Sprague  and 
several  curious  civilians  to  make  the  first  descent 
down  to  the  water.  Again,  an  account  was  published  of 
their      discovery   of    "Lake   Majesty"    by   the    Oregon    Senti- 


1-2  JOHN  WESLEY  HILLM/W 
Hillman  {only  21  at  the  time) 
is  often  given  credit  for  the 
discovery  of  Crater  Lake.  The 
location  of  Discovery  Point  is 
based  on  a  discription  by 
Hillman  in  response  to  a  re- 
quest from  Steel. 


1-3  XSEPH  S.  DILLER 
Diller  and  Fatten' s  studies  m 
the  area  during  the  1890 's  re- 
sulted in  the  first  major 
scientific  explanation  _  and 
publication  on  the  origin  of 
crater  Lake.  Their  inter- 
pretation and  collapse  theory 
has  proven  to  be  basically 
correct . 


nel    in    September    of    that    same   year. 

Visits    became   more    frequent   as    J^^'^f °;;^^i^J^i^f  ^o 

common  use. 

Although  the  Hillman  party  has  claim  to  the  dis- 
covery of  C?ater  Lake,  they  were  .«rtainly  not  the 
n,lt      to  know  of  its  existence   Evidence  xs  clear  that 

S:i^?ar\?th"this  r^JcT't   liss  lit.    foL  legends 


ifer  to  Crater  Lake  and/or  its  origin. 

The  Klamath  Indians  revered  Crater  Lake  as  the 
)me  of  Lao,  a  powerful  spirit  and  chief  over  many  of 
le  lesser  spirits.  Because  of  their  belief  that  pun- 
shment  would  visit  those  who  looked  upon  places  sacred 
spirits,  few  had  ever  been  to  Crater  Lake.  This  may 
so  explain  why  the  early  settlers  had  not  learned  of 
le  lake  from  the  Native  Americans.  Although  Hillman 
)cated  Indians  that  knew  about  Crater  Lake,  they  re- 
ised  to  discuss  any  details. 


1-4  CRATER  LAKE'S  FLOOR  Prior  to  19 W,  the  configuration  of 
Crater  Lake's  floor  was  primarily  based  on  the  168  sound- 
ings of  the  Dutton  Survey  in  1886.  Park  naturalists  also 
made  some  depth  measurements  which  are  included  on  this  map. 
(after  Williams,   1942) 


The  person  most  intimately  associated  with  Crater 
Lake  was  William  G.  Steel.  Upon  seeing  the  lake  for  the 
first  time  in  August  of  1885,  Steel  was  so  impressed 
with  its  beautiful  wild  state  that  he  "came  under  con- 
viction" to  save  this  "wonderful  spot."  Over  the  en- 
suing seventeen  years,  his  writings,  lectures,  and  per- 
sonal finances  were  dedicated  to  this  cause.  It  is 
quite  accurate  to  say  that  William  Gladstone  Steel  is 
the  father  of  Crater  Lake  National  Park,  for  it  was 
largely  through  his  efforts  that  Congress  created  the 
nation's  fifth  oldest  national  park  in  1902. 


Carly  Geologicol  Research 

In  his  efforts  to  gain  national  attention  for 
Crater  Lake,  Steel  encouraged  scientific  exploration  of 
this  unusual  geological  feature.  Major  Clarence  But- 
ton's survey,  sponsored  by  the  United  States  Geological 
Survey,  made  the  first  detailed  soundings  of  the  lake 
during  the  summer  of  1886  and  produced  a  map  showing 
the  lake's  depth  (Map  1-4).  A  reconnaissance  of  the 
geology  was  also  carried  out,  which  clearly  established 
the  fact  that  a  large  volcanic  cone  had  once  stood  at 
the  site.  Today,  only  the  lower  portion  of  this  major 
volcanic  cone  remains. 

Some  twenty  years  later,  a  detailed  geological  study 
was  conducted  over  several  seasons  by  J.S.Diller  and 
H.B.  Patton.  Their  work  included  collecting  and  analyz- 
ing rock  samples,  as  well  as  a  detailed  study  of  the 
surface  geology  (Map  1-5).  With  their  final  report 
issued  in  1902,  the  first  complete  geological  story  of 
Crater  Lake  was  proposed.  After  Dutton  established  the 
presence  of  a  large  volcano,  a  popular  story  developed 
suggesting  that  a  great  explosion  blew  it  apart.  Diller 
and  Patton 's  study,  however,  was  even  more  exciting  for 
they  offered  a  better  explanation  of  what  had  happened. 
In  their  work  it  became  apparent  that  something  caused 
the  upper  portion  of  the  cone  to  collapse  into  the  in- 
terior, forming  a  deep  surface  depression.  When  the 
remains  of  this  volcano  filled  with  water,  Crater  Lake 
was  born. 

Again,  it  seems  the  Native  Americans  must  also  be 
given  credit  for  understanding  how  Crater  Lake  formed. 
Although  their  explanation  is  couched  in  terms  of 
spirits  and  legends,  it  is  essentially  a  description  of 
what   modern  geology  has  found.  This  should  not  come  as 


a    surprise    because    it's   quite    likely   they  were      eyewit- 
inesses    to   the   actual    event   which    formed   Crater    Lake. 

As  geological  field  studies  were  being  carried  out 
in  the  1890 's,  a  group  of  mountain  climbers  from  Port- 
land, known  as  the  Mazamas,  held  their  annual  meeting 
at  Crater  Lake.  This  club,  organized  by  Steel  in  1894, 
gathered  for  their  1896  outing  along  the  southern  rim. 
Mso  invited  were  a  number  of  prominent  scientists  in- 
cluding Dr.  Diller.  Activities  included  nature  walks 
and  evening  campfire  lectures  describing  the  natural 
nistory  of  the  area.  As  a  part  of  the  official  business 
to  be  transacted.  Steel  proposed  that  the  ancestrial 
/olcano  be  named  for  the  Mazama  club.  This  suggestion 
vas  favored  and  a  new  name  appeared  on  the  map  in 
southern    Oregon;    Mount    Mazama. 


1-5  EARLY  GEOLOGICAL  MAP  Diller  and  Patton  produced  a 
colored  geological  map  of  Crater  Lake  National  Park  for 
their  1902  Professional  Paper.  It  was  printed  on  a  topo- 
graphic base  and  included  the  depth  soundings  made  by  the 
Button  Survey. 
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1-6  HIGH  CASCADES  The  location  of  the  major  volcanoes  which 
compose  the  High  Cascades  are  shown  here.  This  mountain 
chain  is  the  most  active  volcanic  region  in  the  continuous 
United  States. 
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Chapter  2 
Cones,  Craters  and  Calderas 


Perhaps  the  most  conunon 
with   the   term  volcanism  is 
the  flanks  of  an   erupting 
pictures   are   frequently   s 
activity,  usually  from  some 
There   are,   however,   other 
from  volcanoes,  ranging  from 
to   flow,  to  solid  bombs  and 
fication  system  has  been  dev 
Rock   material   hot   enough 
while  materials  ejected  as  s 
elastics  ("fire  broken"  rock 


LOVQ 


image  that  comes   to   mind 

red  hot  lava,  flowing  down 

volcano.   After   all,   such 

hown  to  illustrate  volcanic 

currently   erupting   vent. 

materials  that  are  ejected 

hot  gases,  lava  too   thick 

blocks.  A  two-fold  classi- 

eloped  for  volcanic   rocks. 

to  be  liquid  is  called  lava 

olid   particles   are   pyro- 

s). 


Since  lava  is  hot  enough  to  flow  when  its  tempera- 
ture is  between  1,300°F  to  2,100°F  {700Oc  to  1150©  C), 
it  must  cool  before  it  solidifies  into  rock.  Depending 
on  its  temperature  at  the  time  of  eruption  and  the 
cooling  conditions  encountered,  several  types  of  lava 
may    form.    Pahoehoe    (Pa-hoy-hoy)    is    the   most      fluid      and 


2-1  ROPY  PAHOEHOE  This  form  of  lava  is  usually  associated 
with  basaltic  compositions  and  is  therefore  not  conwon  in 
the  andesites  or  dacites  found  at  Crater  Lake.  This  pahoehoe 
flow  occurred  at  Lava  Beds  National  Monument  in  northern 
California. 


12 


hile  cooling  takes  place,  a  crust  forms  on 
f  the  flow.  As  this  partially  solidified  sk 
ied  along  by  the  flowing  lava  below,  it  may 
i   or  broken.  As  the  flow  slows  down,  the  su 
p   to   form  a   ropy-looking   mass  (Picture 
apid  movement  of  the  underlying  lava  causes 
nto   slabs.   In   cooler  flows,  the  skin  is 
uch  less  plastic.  Thus,   when   movement   of 
luid  underlying  lava  occurs,  this  rigid  sur 
nto  blocks  (Picture  2-2).  This  blocky   lava 
iven   the   strange   name  of  aa  (ah-ah).  Whi 
orming,  aa  flows  appear  to  be  slowly  moving 
linkers   which   may   provide  an  occasional 
ot  lava  inside. 


the  surface 
in  is   car- 
be  deform- 
rface  piles 
2-1)  while 
fracturing 
thicker  but 
the  more 
face  breaks 
is   often 
le  actually 
piles   of 
view  of  the 


2-2  AA  LAVA  This  form  of  lava  is  the  corrmon  flow  surface 
seen  in  the  park.  One  of  the  best  examples  can  be  found 
around  the  base  of  Wizard  Island  (note  knife  for  scale). 


TABLE  1   CLASSIFICATION  OF  TEPHRA  (AIR  FALL) 
NAME         SIZE  DESCRIPTION 


Ash 


Less  Than 
2mm(3/64  in.) 


Lapilli    2tmi  to  64  mm 


Bombs 


Blocks 


Larger  Than 
64mm  (24  in.) 


Larger  Than 
64mm  {2h   in.) 


Consists  of  glassy  particles  easily 
transported  by  wind 

Often  spheroidal  in  shape  but  may  be 
elongated.  Developed  from  liquid 
ejecta  or  by  the  accretion  of  smaller 
particles.  Term  means  "little  stones". 

Clots  of  magma  partly  or  entirely 
plastic  upon  eruption.  The  shape  is 
the  result  of  initial  fluidity,  rate 
of  cooling,  time  in  flight  and  other 
factors.  There  are  several  types  of 
bombs . 


Erupted  fragments  of  solid  rock, 
usually  angular  and  equidimen- 
sional  but  some  are  slabby  or 
platey. 


In  some  tables  the  range  is  given  as  4mm  to  32mm. 


^Vroclastics 

'  Pyroclastic  ejecta  takes  on  many  more  forms  than 
Eluid  lava.  This  erupted  material  is  usually  pieces  of 
solidified  volcanic  rock  but  may  also  be  molten  clots 
bhat  cool  rapidly  to  a  solid.  Geologists  use  the  tera 
tephra  to  refer  to  volcanic   products   that   have   been 
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•hot   into   the   air  and  have  fallen  back  to  earth.  The 
classification  of  tephra  is  based  on  the   size   of   in- 
dividual  particles   as  listed  in  Table  1.  The  smallest 
category;  ash,  may  be  small  indeed  and  is  often   trans- 
ported  great  distances  from  the  place  where  it  erupted 
(Picture  2-3).  With  increase  in  size,  ash  particles  are 
transported   shorter  distances  with  the  largest  falling 
out  near  the  site  of  the  eruption.  Although  lapilli   is 
•ot.  as  abundant  as  the  ash-size  particles,  it  is  still 
eorjnon  in  volcanic  areas  (Picture  2-4).  The  marble-size 
;^rticles  associated  with  cinder  cones  and  other  explo- 
sive eruptions  fall  into  this  class.  Perhaps   the   most 
•prctacular   tephra   class  is  blocks  and  bombs  (Picture 
I-M.  While  blocks  are  angular  shaped   fragments,   most 
Jlkely   a   solid   at   the  time  of  their  ejection,  bombs 
|§|?en  have  a  more  rounded  appearance.  Highly  streamline 
(tlupes  suggest  that  bombs  of  this  type  were  molten  when 
>5#cted  and  achieved  their  shape  while   moving   through 
ilN-  air. 

is  Two  other  terms  are  also  used  in  the  discussion  of 
ltf)hra;  pumice  and  cinders  (Picture  2-6).  When  hot, 
fluid  rock  is  thick  and  experiences  a  sudden  release  of 

1^ 
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<> 


* 

•  .  1     f. 

- 

1 
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2-3  VOLCANIC  ASH  The  smallest 
size  tephra  particles  are 
readily  carried  by  the  wind 
for  great  distances.  Although 
it  often  looks  like  sand,  its 
composition  proves  its  vol- 
canic origin.  Scale:  each 
square  =  0.5  cm  (1/4  inch). 


2-4  LAPILLI  "Popcorn"  pumice 
deposited  along  the  Rim  Drive 
near  Cloud  Cap  Junction  is 
coarse  lapilli  of  final  erupt- 
ion ejecta.  Hammer  head  is  18 
cm  (7  inches)  long. 


pressure,  causing  rapid  cooling,  the  escape  of  gas  is 
inhibited.  The  result  is  a  glassy  rock  in  which,  like 
any  liquid  that  cools  quickly,  crystals  do  not  have 
time  to  develop.  A  sponge-like  structure  results  with 
most  of  the  volume  occupied  by  empty  space  separated  by 
thin  glass  membranes.  This  is  pumice.  Cinders,  or 
scoria  as  they  are  commonly  called,  have  much  the  same 
history.  The  basic  difference  is  in  the  amount  of  empty 
space  present  and  the  chemical  composition  of  the  rock. 
Since  the  original  material  that  forms  into  scoria  is 
mostly  fluid,  trapped  gases  escape  more  readily  and 
thus  there  is  less  void  space  and  more  rock  material. 
Also,  as  noted  in  Table  2,  cinders  are  considered  to  be 
lapilli  while  pumice  has  no  particle  size  connotation. 
In  addition,  generally,  cinders  are  associated  with 
lavas    having   a   basaltic    to   andesitic    composition. 
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2-5  VOLCANIC  BOMBS  Bombs  are  formed  in  many  sizes  although 
the  smaller  ones  display  the  most  streamlined  shapes.  (A) The 
streamline  shape  of  two  borrts,  which  were  fluid  when  erupt- 
ed, can  be  readily  seen  here,  (B)  A  large  spherical  bomb, 
(C)  Same  example  as  "B"  showing  the  concentric  internal 
structure  that  develops  upon  cooling.  The  crust  has  a  fine 
texture  due  to  rapid  cooling  which  becomes  coarse  toward  the 
center  where  cooling  is  slower.  (D)  Bread  crust  bombs  result 
from  expanding  gases  causing  swelling  and  cracking  of  the 
hardened  surface  as   the  inside  cools. 
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2-6  CINDERS  AND  PUMICE  BLOCKS 
Cinders  have  the  appearance  of 
tiny  "clinkers"  and  are  usual- 
ly dark  colored  due  to  their 
chemical  composition  (Fe  i  Mg 
content).  Pumice  may  occur  as 
any  size  particles,  ash  to 
blocks,  looks  spongy,  and 
usually  is   light  colored. 


IhemicQl  Composition 


still  another  factor  in  understanding  Crater  Lake 
rocks  is  the  chemical  composition  they  represent.  Vol- 
canic rocks  are  a  type  of  igneous  rock  formed  by  the 
freezing  of  hot,  liquid  material  called  magma.  Since 
cooling  of  magma  occurs  quickly,  when  it  reaches  the 
earth's  surf ace , (where  it  is  called  lava)  volcanic 
rocks  tend  to  form  extremely  small  crystals.  These  are 
usually  too  small  to  see  without  magnification,  al- 
though larger  crystals,  big  enough  to  be  easily  visi- 
ble, are  often  present  in  lavas.  Volcanic  rocks  are 
composed  of  many  elements  but  only  a  few  are  abundant; 
Dxygen,  silicon,  iron,  aluminum,  calcium,  magnesium, 
sodium,  and  potassium.  Moreover,  there  is  usually  far 
Tiore  oxygen  and  silicon  present  than  all  the  others 
-ombined.  As  a  result,  these  two  elements,  expressed  as 
Dne  silicon  atom  joined  with  two  oxygen  atoms  (SiOg), 
are  used  to  describe  the  chemical  composition  of  igne- 
3us  rocks.  Table  3  illustrates  a  simple  classification 
Df  volcanic  rocks  and  some  of  the  properties  associated 
*7ith  certain  compositions.  The  values  shown  are  ap- 
proximate and,  of  course,  the  entire  classification 
scheme  is  artificial,  for  there  is  a  continuous  range 
Df  SiOa  composition  in  volcanic  rocks  from  as  low  as 
35%  to  as  high  as  75%. 
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TABLE    2      CLASSIFICATION    OF    VOLCANIC    EJECTA 

VOLCANIC         EJECTA 


ASH  FALL(TEPHRA) 


ASH  FLOW 


\ 


ASH 


LAPILLI*  BLOCKS 
I       BOMBS 
CINDERS 
(SCORIA) 


WELDED 
TUFF 


*  The  term  pumice  may  be  mistakenly  used  to  mean  lapilli  or  block  sized 
particles  but  really  refers  to  a  frothy  texture,  usually  of  rhyolite 
composition. 


Cones 

When  a 
of   the   la 
calendars, 
may   repres 
minds,  they 
this   pleas 
look  like? 
different 
and  from  di 
these  into 


sked  to  imagine  a  volcano,  most  people  think 
rge  picturesque  volcanoes  commonly  used  on 
Although  these  beautiful  symmetrical  cones 
ent  all  volcanoes,  at  least  in  people's 
are  really  the  exception  and  few  take  on 
ing  shape.  What  then  does  a  typical  volcano 
To  answer  this  question,  we  must  look  at 
types  of  volcanoes,  formed  in  different  ways 
fferent  material.  Let's  start  by  grouping 
four  general  classes  as  noted  in  Table  4. 


Two  of  the  best  examples  of  composite  cones  are 
Mount  Fuji  in  Japan  and  Mount  Mayon  in  the  Philippines. 
Both  are  often  seen  on  calendars  or  travel  posters. 
Most  composite  cones,  however,  do  not  possess  the  sym- 
metry illustrated  by  these  more  ideal  examples.  Their 
name,  composite  volcano,  results  from  the  way  they  were 
formed.  Erupted  volcanic  material  ranges  from  basalt  to 
andesite  to  rhyolite  but  most  fall  in  the  andesite  com- 
position category.  Another  reason  for  this  name  has  to 
do  with  the  types  of  eruptions  that  build  the  cone.  Al- 
though  the   bulk  of  volcanic  material  making  up  a  com- 
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TABLE    3      VOLCANIC    ROCKS    AND    SOME    OF    THEIR    PROPERTIES 


NAME 
Rhyol ite 

Da cite 
Andesite 


Basaltic  - 
Andesite 

Basalt 


Si02 

70%  or 
more 


65% 
60% 

55% 

50%  or 
less 


COLOR 


light 
(buff  or  tan) 


AMOUNT  OF  GAS  NATURE  OF  LAVA 


high 


medium 
(grey) 


dark 
(black  or  green) 


medium 


very  thick 
(seldom  flows) 
Fe  &  Mg  poor 
(<3%) 


flows  slowly 


low 


fluid  (flows  easily) 
Fe  &  Mg  rich 
(up  to  5%) 


Dosite  cone  is  lava,  pyroclastics  are  also  important  in 
their  construction.  In  examining  the  volcanic  ejecta 
«7hich  build  up  composite  cones,  it  is  not  unusual  to 
find  lava  flows  interspersed  with  pyroclastic  layers. 
The  shape  and  slope  of  these  cones  develop  because  of 
this  more  or  less  alternate  layering  nature.  Lavas  tend 
to  flow  easily  and  produce  a  flattened  profile  while 
the  pyroclastic  deposits  build  a  steeper  slope  (Figure 
2-7) 

When  the  volcanic  ejecta  is  mostly  basaltic  lava 
flows,  composed  of  quite  fluid  magma,  a  low  mound 
shaped  cone  develops.  These  are  generally  called  shield 
;7olcanoes  but  may  be  given  other  names  such  as  lava 
::ones.  Hundreds  or  thousands  of  individual  flows,  each 
oeing  only  a  few  feet  thick,  are  responsible  for  build- 
ing shield  cones.  The  largest  volcanoes  on  earth,  in- 
ieed  in  the  solar  system,  are  of  this  type.  Although 
some  pyroclastic  material,  in  the  form  of  scoria,  is 
often  erupted  during  the  construction  of  a  shield  cone, 
the  amount  is  insignificant  when  compared  to  the 
basaltic  lava  flows.  The  massive  piles  of  volcanic 
material  in  the  Pacific  Ocean  known  as  the  Hawaiian 
Islands  are  classic  examples  of  this  volcanic  type. 
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TABLE  4   TYPES  OF  VOLCANOES 
. SIZE 


NAME 
Composite 

Shield 

Cinder 

(or  Scoria) 

Miscellaneous 
Domes 


HEIGHT 

up  to  3,600  m 
(12,000  ft.) 


up  to  9,000  qi 
(30,000  ft.) 

up  to  350  m 
(1,200  ft.) 


DIAMETER 

up  to  40  Km 
(25  mi.) 


up  to  160  Km 
(100  mi.) 


TYPE  OF  MATERIAL 

Basalt  to  Rhyol ite 
Major  portions  are 
Andesite  &  Rhyol ite 


Basalt 


up  to  1.600  Km   Basalt  to  Andesite 
(1  mi.) 


about  the  same  as  Cinder  Cones 


'Fluid'  Dacite  / 
Rhyol ite 


rir^Ai^y   rnnps    Pvroclastic  Dacite/ 
Ash  Rings   about  the  same  as  Cinder  Cones    Pyro   ^^^^^.^^ 

(usually  formed  in  water) 

*ThP  island  of  Hawaii,  at  about  9,000  m  above  the  ocean  floor, 
lV.lllt  fhe  tallest  mountain  in  the  world. 

tc  the  other  end  of  the  spectrum  and 
If  we  move  to  ^he  otne  ^  ^^^^  primarily  of 
examine  the  volcanoes  that  are  ^  ^^  ^^^^er  cones, 
pyroclastic  electa,  ^  fl  ^^  ^^^t  abundant  type  in 
These  small  vents  are  perhaps  the  ^  ^^^^^  .„  ^„y  i^en 
the  world  for  .they  fo^"^^Y  ^^^^^  ^^e  over  400  cinder 
volcanic  region.  For  example,  there  a  ^^^^^^^  ^^^^^^ 
cones   in   the   Oregon   section   o  ^^   ^^ 

Cinder  cones  seem  ^o  develop  in  t  g^  ^^^^^^  ^^^ 
plosive  period  which  ^^/^^^^".  ^  lava  flows  in  a 
Lupting  magma  foll^^tt houah  ?he  lavaJ  may  be  abundant 
late  eruptive  stage.  ^^^^^^^^3^ portion  of  these  vol- 
in  some  cases,  the  much  ^^^^^^^  P°stic  ejecta.  Although 
canic  cones  is  composed  of  P^^f  ^^^Jpinl-size  cinders 
Til  sizes  of  tephra  --.P-J^^^  .eprSsentation  of  small 
seem  to  be  dominant  with  a  gooa  ^  ^  seldom  erupt 
blocks  and  bombs,  ^he  late  lava  ^tage(s)  ^^^^^^^  ^^^^^ 

from  the  upper  P°^^i°%°^^^^^a5!  Cinder  cones  have 
out  at  the  base  only  to  flow  away.  ^^^  ^^^^^  ^^^_ 
rather  short  histories  when  ^ompar  ^^  ^.^^  ^^  ts 
canoes.  From  the  time  ^^    t^^    -^^^^^  ^e  active  for 

final  sign  of  J^^^'  /  ThSy  seldom,  if  ever,  renew 
rri^tL^after  f  l^g^ pe^iod^f  dormancy. 
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The  discussion 
conunon  types  of  volca 
and  the  cinder  cone 
that  are  less  abundan 
these,  usually  called 
so  much  a  volcanic  co 
extremely  thick  lava, 
this  magma  is  too  th 
squeezing    up   and    free 


20 
30,000 

60,000  Ft 


'hi  rTafly,Z'"or  '^J'"-'f°''    Scte^tic  cress  sections  or 
lation/l     Part       fj)     r^'"-*""^"     '""""<'    '"     ^"^^'     Lake 

^a,aiian  islands.    ICI  Cinder  cone  wlthTsocATedlasTi   lava 
^^^tf^s^s  Z  °e.s^--  -"-     '-    ---- 
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above  describes  the  three  most 
noes;  the  composite,  the  shield, 
s.  There  are,  however,  many  others 
t  but  equally  interesting.  One   of 

a  dome  (or  rhyolite  dome),  is  not 
ne  as  it  is  a  "blister"  formed   by 

Upon  reaching  the  earth's  surface 
ick  to  flow,  so  it  erupts  by 
zing  to  form  a  mound. 


The  volcanic  cones  found  in  the  Crater  Lake  region 
are  confined  to  these  four  types.  It  should  be  noted, 
however,  that  large  amounts  of  magma  reach  the  earth's 
surface  through  fissures  that  do  not  construct  volcanic 
cones  at  all.  The  great  mass  of  basaltic  lava  making  up 
the  Columbia  Plateau  and  Snake  River  Plains  was  formed 
by  such  fissure  flows.  Magma  rising  along  the  Cascade 
Range,  however,  tend  to  produce  volcanic  cones  rather 
than  massive  lava  flows. 


Croters 

Another  rather  common  impression  shared  about 
volcanoes  is  the  way  that  eruptions  occur.  It  is  as- 
sumed that  volcanic  material  is  ejected  from  the  top  or 
main  vent  portion  of  an  active  volcano.  This  upper 
area,  or  crater  as  it's  properly  called,  does  produce 
large  amounts  of  ejecta  but  eruptions  may  also  occur 
from  other  places  on  the  cone.  Lava  may  break  out  on 
the  sides  of  a  composite  or  shield  cone  to  produce 
flank  eruptions.  Sometimes  these  flank  vents  result  in 
the  construction  of  small  parasitic  cones,  such  as  The 
Watchman  and  Hillman  Peak,  to  be  discussed  in  a  follow- 
ing chapter.  Mount  Scott  may  also  be  considered  as  a 
parasitic  cone  to  Mount  Mazama  although  it  is  rather 
large  to  be  placed  in  such  a  category.  With  changing 
conditions  within  the  volcanoe's  interior,  the  vent 
region  may  also  be  affected  causing  eruptions  from  new 
or  different  parts  of  the  summit.  Many  of  the  shield 
cones  and  large  composite  cones  have  several  craters, 
with  activity  in  one  or  the  other  at  different  times. 
It  must  be  noted  though,  that  these  vents  are  rather 
small,  usually  less  than  a  kilometer  (0.75  mile) 
across . 


Caldcros 

Some  volcanoes  develop  a  large  depression   in   the 
summit   area.   Such   features  are  known  as  calderas  and 
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WIZARD 
ISLAND 


KRC 


2-8  CRATER  LAKE  CALDERA  A  hypothetical  cross-section  of 
the  Crater  Lake  Caldera  illustrating  the  collapsed  area 
above  the  magma  chamber.  Wizard  Island's  structure  and  the 
collapsed  area  are  only  suggestive  in  this  sketch. 


epresent  exceptionally  strong  volcanic  activity,  far 
leyond  the  normal  activity  that  is  typical  of  crater 
ruptions.  In  many  cases,  calderas  have  formed  by  rapid 
jection  of  massive  amounts  of  pyroclasltic  material 
'hich  caused  the  upper  portion  of  the  volcanic  cone  to 
ollapse  (Figure  2-8).  Dr.  Howel  Williams  clearly 
emonstrated  this  process  when  he  studied  the  geology 
if  Crater  Lake  National  Park.  Although  he  didn't  ori- 
inate  the  basic  concept  of  how  a  caldera  forms,  his 
tudy  found  Crater  Lake  to  be  one  of  the  world's  clas- 
ic  examples  of  a  caldera.  There  may  be  much  larger  or 
omewhat  smaller  calderas  than  Crater  Lake,  but  few  are 
s    well    preserved   or    illustrate    the   process    better. 
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Chapter  3 
Before  Mount  AAozamQ 


The  life  span  of  Mou 
composite  cone  that  sto 
was  relatively  short  as  g 
was  built  in  less  than  a 
cussed  in  detail  in  Chapt 
Oregon  and  the  Pacific 
longer,  stretching  back  a 
Since  such  long,  period 
gists  use  a  calendar-like 
events.  This  device,  cal 
is  divided  into  major  bio 
quently  divided  into  sma 
Figure  3-2,  the  geologica 
United  States  fits  into 
Cenozoic. 


nt    Mazama,    the      la 
od    on    the    site    of 
eological    time    is 
million   years    and 
er    Four.    Geologica 
Northwest,       howe 
t      least      200      mil 
s    of    time    are    invo 
chart    to    help    org 
led    the    Geological 
cks    of    time    which 
Her    time    periods. 
1    history   of    the 
two    Eras    known    as 


rge      Cascade 

Crater    Lake, 

reckoned.     It 

will    be    dis- 

1    history    of 

ver,    is    much 

lion      years. 

Ived,    geolo- 

anize      these 

Time    Scale , 

are      subse- 

As    noted    in 

northwestern 

Mesozoic    and 


Although  there  is  a  larger  amount  of  historical 
detail  that  can  be  drawn  into  a  discussion  of  Crater 
Lake,  we  will  confine  our  discussion  to  just  the  basic 
concepts  necessary  to  understand  why  and  how  the  High 
Cascades  formed.  Very  few,  if  any,  of  these  details  can 
be  worked  out  by  looking  at  the  rocks  in  Crater  Lake 
National  Park.  Rather,  they  have  been  pieced  together 
by      many      investigators,       examining    geological    features 

3-1  DEFORf^D  SEDIMENTARY  ROCKS  ft  large  part  of  Oregon's 
coast  has  been  constructed  by  uplifted  and  folded  sediments 
originally  deposited  in  the  offshore  trench.  Continued  move- 
ment of  the  ocean  floor  under  the  continent  caused  these 
sediments  to  collapse  onto  the  continent  forming  the  coastal 
ranges . 

26 


• 

1- 

c 

QJ 

dj 

-0  0 

0 

a>  fc 

> 

c  Ol              a> 

a: 

■o  ■•- 

<D 

•f— 

•t-> 

•CO)                  ^ 

^ 

(D    *-> 

4-> 

a: 

t/i 

i_     irt       +J 

•♦-> 

■0 

U 

■r- 

(O 

vo  0     +-> 

(J 

Ul  . — 

« — 

Ol 

0 

0)           -r-   c   E 

■0 

3 

p 

ro     rvj 

0 

.i<: 

t_) 

Or—           Ul      0      0 

0) 

■0  <o 

c 

LJ  -^ 

>. 

fO 

c  10      0  en  i. 

■0 

J3    U 

0 

O 

-C 

c 

c 

1T5    1-       a.  <U  "4- 

3 

3  •.- 

«4- 

^     IT3 

S- 

00 

l- 

U   4->        O)     I. 

I- 

</>    i- 

cn^ 

<u 

.—  c     T3  0  m 

•M 

01 

(/l 

■r-      O- 

-0 

TD 

^ 

0  0)                 0) 

C 

0    E 

^ 

JC 

c 

C 

*j 

>  <_>     x:  ^  o> 

•»— 

+J  <C 

u 

s- 

*o 

rtJ 

i- 

CO    10    Sw 

0 

14-  0 

un 

in 

0 

a;  c:      m  i-  O) 
-o-r-          +J   * 

(U 

10 -C 

1- 

</) 

0  ••-o 

C71  C 

J-    -!-> 

c 

•♦-> 

4->   -M 

■•-» 

fO 

c  0 

O)  1— 

■a          -0  c  <u 

•r— 

i.    i- 

c 

iA 

c  ^ 

>  <o 

«»- 

U  ^        CO) 

c 

10    0 

•»- 

0 

••->   •!-> 

■f-     to 

0 

>/)  (/I      n>  u  <u 

lO 

4->  ^ 

10 

^ 

r-      Q. 

oc   <o 

fo  <o                en 

i- 

10 

+J 

u 

4-J    u^ 

3     3 

.0 

OJ 

0            W)   c   c 

0 

^ 

c 

</) 

0    (1) 

1T3     i. 

ro 

(J 

>,     <u  ■<-  <o 

i-   +J 

3 

=3     0 

14_     O) 

•>-  -o 

C    0) 

c  <o     0       a: 

x: 

0  n 

0 

.c 

S-     C 

JD  0 

<u  cr. 

l-Q      c   E 

4J 

0  0) 

z: 

♦J 

*J    ro 

-^  -C 

E   0 

en  c 

0)           (O  s-  •!->  10 

lO 

--  c 

10 

to    U 

U    00 

3  .— 

i-    fO 

•»J   c      <j   0   Wl  <u 

E 

^-  a) 

<u 

E 

C   ^ 

0  <o 

,—  <*- 

Ol  o= 

U1   -C        r—   <»-     (O     l/> 

<o 

(O  JD 

3 

10 

0     0 

,»— 

0 

^ 

<u  0     0        0 

OJ 

l_>     > 

CO 

<_> 

LU 

3  'O    >       tJ 

C 

CO 

CO 

i2 

1           I/) 

t/1 

in 

2 

>i 

0 

0)    d 

<u  c 

0 

(U 

oO    <U              Ol 

</i 

J- 

•f— 

*->  0 

■M     0 

r^ 

•^^    U1 

+j          ■•-> 

+J 

0) 

<e 

x: 

•1—  •»— 

•1—    -r— 

<*- 

■'"  a 

+J  -1-               -r- 

c 

+J 

^-> 

Q. 

l/l    4-> 

f—    4-> 

•^  0 

T—    <A                 lA 

0) 

•r- 

c 

TO     l- 

Ol    O- 

0    Q. 

*J 

a),-. 

<a  at           a> 

E 

C 

0) 

c  0 

■0     =3 

>1    3 

r— 

■Ou. 

10  -0          -D 

•r- 

<a 

E 

«  E 

C     S- 

-C     1. 

10 

c 

m  c           c 

-0 

i. 

10 

cx:  LU 

o:  UJ 

00 

■« 

OQ  <t           < 

tn 

•o 

0) 

1/1 

0) 

z: 

J 

>- 

>■ 

> 

>-                                   > 

» 

ac 

5: 

£ 

s                            a 

I 

m 

r^ 

*— 

m                                   c 

3 

<M 

1 

" 

<SJ                                                  « 

3 

c 

0 

^A 

LU 

LU 

LU                                    LU               LU 

10 

^ 

z: 

z                     z         z 

1/1 

>» 

UJ 

LU 

LU                                 LU              LU 

:d 

t_) 

0 

<_> 

<_) 

0                                 <_)              tJ 

0 

0 

0 

0 

0                                00 

LU 

<•> 

(/I 

(— 

• — ' 

>-.                    ej         LU 

0 

1/1 

to 

^_ 

t/n 

_J 

s:                    •— 

«i: 

«« 

<t 

^— 

• — ■ 

Q. 

_i 

t- 

a: 

»— 1 

•i— 

UJ 

0 

LU 

r> 

a: 

E 

I 

IX 

"-3 

1— 

0. 

A 

d 

V   I  i  y  3  i 

<_> 

II 

>- 

z: 
« 

^ 

■ 

y^ 

^-^ 

z 

(_) 

•a: 

(_) 

l-J 

»— « 

1— 1 

►— * 

t— f 

0 

a: 

0 

0 

^J 

CO 

■M 

t^ 

0 

s: 

0 

0 

LU 

et 

^ 

t/l 

—I 

<_) 

Jj 

LU 

'X. 

LU 

t_J 

s: 

CL 

Uj 

s 

I 

Uj 

-J 

t 


o 

I 


27 


all  ove 
ty   of 
of  unce 
can   be 
others 
are   be 
the  rea 
hearing 
book )  , 
matters 


r  the  Pacific 

evidence  and 

rtainty  about 

seen   here, 
from  attempti 
St   reviewed 
1  geology  fit 

any   geolog 
try  to  keep  i 


Northwest.  Even  with  this  diversi- 
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ars  a  rather  astonishing  theory  has 
h  offers  an  explanation  for  many  of 
s  that  have  long  puzzled  geologists, 
oceanographers.  One  such  mystery 
noes  only  occur  in  certain  places  on 
,  usually  in  linear  patterns.  A 
centers  on  the  location  of  earth- 
rthquakes  are  rare  in  the  Cascades, 
tem      does    represent   a   major    volcanic 


J-J  AWJOR  PLATES  The  earth's  surface  is  coffposed  of  six 
major  plates  separated  by  mid-ocean  ridges  f ■~"~-;^— -_ J  and 
trenches  ( subduction  zones,  -  -  -  ).  New  crust  wells  up  from 
the  mantle  along  the  ridges,  moves  away,  and  eventually 
slides  back  beneath   the  crust  at  subduction  zones. 
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J-4  OFFSHORE  TRENCH  FORMS  Approximately  200  million  years 
ago  the  Pacific  Ocean  floor  started  slipping  under  the  North 
American  Continent  in  the  Oregon  region.  The  older  rroun- 
tains,  forming  a  SW  -  NE  trend,  may  have  resulted  from  sedi- 
ments  originally  deposited  in  this  trench,  being  pushed  up 
onto   the  continental  margin  by  the  moving  sea  floor 


This    new    theory    has    come      to      be      known      as      Plate 
ectonics         it      suggests      that      the      earth's    surface    is 
opposed   of    several    large    regions,    called   plates,       that 
re      moving      with      respect    to   one    another    (Figure    3-3) 
uch    movement   may    involve    the    separation,    collision      o; 

hJ  ""^   M      .    °^^   P^^^^   "^^^^    respect    to   another   where 

^ey  ,oin      Most   of    the    interesting   and   dramatic   geolog 

al  activities      associated      with    the   earth's    surface 

ike  place   along    these    plate    boundaries. 
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g  before  the  large  volcanoes,  known  as  the  High 
,  were  constructed,  a  subduction  zone  is 
to  have  developed  where  Oregon  now  occurs.  This 
when  a  portion  of  basaltic  ocean  floor  slab, 
under  the  North  American  Continent,  formed  a 
located  diagonally  across  the  state  from  the 
™    ^v,  northeast       (Figure      3-4).       Sediments 

rom   the   continental   margin,    accumulated    in    this 
trench,    and   were    carried   along    with    the   moving 
loor      towards      the    continent.    As    the    ocean    slab 
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3-5  SUBDUCTION  ZONE  CROSS  SECTION  As  the  basaltic  ocean 
floor  moves  beneath  the  continental  margin,  it  encounters  a 
region  of  greatly  increased  temperature  and  pressure.  This 
process  may  produce  magma  which  eventually  rises  to  the  sur- 
face to  erupt  as   volcanoes  or  fissure  flows. 
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time,  when  nearly  half  of  Oregon  was 
an  northwest  of  the  subduction  zone 
s  also  developed  along  the  continental 
of  this  trench.  There  seems  to  be  a 
hip  between  subduction  zones  and  vol- 
exact  cause  of  volcanism  is  not  clear 
that  magma  is  somehow  produced  by  the 
c  slab.  As  temperature  and  pressure 
s  basaltic  rock  and  the  overlying  con- 
melting  occurred.  The  liquid  produced 
upward      as    it    is    lighter    than    the    sur- 
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3-6  NEW  TRENCH  FORMS  A  second  trench  developed  parallel  to 
the  present  shore  line  and  accumulated  sediments  washed  in 
from  the  continent.  These  were  later  added  to  the  continent 
to   form  a  youthful  coast  range  and  the  Willamette  Valley 


ounding  rock.  Part  of  the  uncertainty  occurs  in  trying 
o  determine  if  the  magma  is  created  in  the  slab,  be- 
ween  the  slab  and  mantle,  or  in  the  upper  mantle  be- 
eath  the  crust  (Figure  3-5).  Another  problem  in  under- 
tandmg  this  mechanism  is  encountered  as  the  fluid 
oves  toward  the  earth's  surface.  Is  it  hot  enough  to 
ause  melting  of  rocks  near  the  surface  thus  changing 
ts  chemical  composition,  or  does  erupted  lava  repre- 
ent  the  original  melted  rock  that  was  formed  in  the 
ubduction  zone?  Regardless  of  which  set  of  conditions 
s  correct,  the  result  at  the  surface  is  the  same;  the 
ava  that  pours  out  is  usually  andesite  and  rhyolite 
nd  although  there  is  little  evidence  left  of  these 
arly  volcanoes,  they  should  have  formed  on  the  conti- 
ental  side  of  this  subduction  zone  with  a  composition 
t  andesite,  rhyolite  and  some  basalts. 

'regon  Geology 


ate 


r^'thirthe  pnn^"'^??^'  ^^  ^^^"  ^°^^^'  developed  much 
r  than  the  200  million  year  old  mountains  discussed 
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3-7  COLUf^IA  RIVER  GORGE  These  fissure  lava  flows  are  up  to 
1.5  km  (1  mi)  thick  and  buried  130,000  sq  km  (50,000  sq  mi) 
of  the  earth's  surface.  Layer  upon  layer  of  lava  can  be  seen 
in  the  gorge  but  these  flows  never  extended  as  far  south  as 
Crater  Lake. 

above.  The  curving  subduction  zone  that  cut  diagonally 
across  the  state  seems  to  have  moved  to  another  area 
located  parallel  to  the  present  coast  (Figure  3-6). 
This  new  geological  development,  starting  about  35  mil- 
lion years  ago,  caused  a  trench  to  form  (along  with  an 
accumulation  of  sediments)  much  as  the  older  coastline 
had  done  during  the  early  Mesozoic  Era.  That  portion  of 
Oregon  between  the  old  and  new  subduction  zones  rapidly 
developed  into  a  stable  platform  which  would  allow  the 
balance  of  the  state  to  form.  One  way  to  think  of  this 
newly  formed  northwestern  section  is  simply  that  it  was 
added  to  the  continent  and  became  part  of  North  Ameri- 
ca. Other  geological  features  also  formed  because  of 
the  subduction  zone's  shift  in  location.  A  new  chain  of 
volcanoes  occurred  in  the  location  of  the  present  West- 
ern Cascade  Province  and  appeared  to  last  for  nearly 
ten  million  years.  Eruptions  were  highly  gas  charged, 
exceedingly  explosive,  and  produced  great  amounts  of 
pyroclastic  ejecta.  Much  of  this  material  was  carried 
eastward  and  deposited  on  the  recently  stabalized  sea 
floor,  resulting  in  a  thick  blanket  of  ash  over  most  of 
central  Oregon. 


32 


CASCADE 
VOLCANIC 
FRONT 


3-8  OREGON  TODAY    Major     physiographic     features     of     Oregon 
illustrate  the  long  geological  history  of  the  state. 


AS  this  series  of  volcanoes  was  dying  down,  a   new 
evelopment   can   be   read  in  the  rock  record.  Volcanic 
ctivity  in  central  and   eastern   Oregon   began.   These 
ruptions  were  quite  different  from  those  of  preceeding 
pisodes  for  the  lava  was  entirely  basaltic.   In   addi- 
ion  to  a  change  in  the  kind  of  rocks  formed,  there  was 
ISO  a  change  in  the  amount  produced.  This  great   flood 
,f   basalt  buried  nearly  everything  east  of  the  Western 
ascades  leaving  only  the  higher  parts  of  the  old  moun- 
ains   exposed   in   northeastern   Oregon.   Even  today  a 
arge  part  of  the  Pacific  Northwest  has   surfaces   com- 
)Osed   of   the   weathering  and  eroding  lavas  poured  out 
hirteen   to   sixteen   million   years   ago.   These   are 
"Specially   well   exposed   in   the  Columbia  River  Gorge 
)etween  Washington  and  Oregon  (Picture  3-7).   With   the 
eventual   cessation   of   these   massive  basaltic  flows, 
/olcanism  resumed  in  a  linear  pattern  along  the  Western 
Cascades.   Thus,   the  much  younger  Western  Cascade  vol- 
canoes that  are  visible  today  were  constructed   on   top 
If      an   older   volcanic   mountain  system  starting  about 
twelve  million  years  ago. 

With  the  construction  of  the  Western  Cascades, 
Oregon  began  to  take  on  its  present  day  appearance. 
There  is,  however,  one  last  area  to  develop  before   the 
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3-9  VOLCmiC  FRONT  The  High 
Cascades  form  a  volcanic  front 
resulting  from  the  Juan  De 
Fuca  Plate  colliding  with  the 
North  American  Plate  to  pro- 
duce an  offshore  subduction 
zone  (trench?). 


High      cascades      can    be   considered      Like    the    older   moun- 
--    ^mountainr   w^^ep.Uv^the    slowly^ 

ocean    floo^/^J^-^^^^i^^ii^iilti^n   of    sediments,    that 
This      caused      the    thicK   a^cumux  transported      to      the 

had   been   eroded    f-m   the    land   J"^      ^ranspor        ^.^^^    ^^^ 
trench,    to   be   ^^raped   off   and   slowly    3  sent      day 

continental     margin    ^^P^f^^fgi^q^   along      the      southern 

Willamette   Valley    (Figure    3-8). 

At      this      point      in    Oregon's   geological    history,    a 
At      tnit>      y  maior    land    forms   were    in      place, 

million   years    ago      all   ^J^^^^i^^ion   of    the    High   Cascade 
The      stage  was    set   ^^^^   construe  landscape      today, 

volcanic    chain   which      d?^^"jtes    ^JJ  has    continued 

This      relatively    new   ^P^^°^J . f „^°    ^tage?  most      of      the 

until   the   P--"^;,^:^°rhe    ni^th-Lfth'Shain;    the   West- 
volcanoes      that   marked   the  ^.^^^^^^      ^^.^^^ 

ern   Cascades,       haa      oeen    ^  suffered    significant 

These   older    cones    have,    ^^^^^f,^;/^^'      identified      as 
amounts    of    erosion   and      can      seiaom  entirely   of 

shield   volcanoes.    Their    composition      almost   e^  ^^      Y^^^ 

basalt    flows,    is    %?°f  ^J^^^f  High   Cascades,    in   Chapter 
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Chapter  4 
Building  IWount  Wlozomo 


r.Lwrr--"?fe  aSe      rn.a.n      Han..    ^Xna.v.au. 

volcanoes  along  ^^^^^^^^^J' the  United  States,  if  not 
most  spectacular  ^^^^fy'^Jhe  north  and  south  of  Oregon 
the      world.      Volcanoes    to    tne    noL  portion      of 

tend  to  be  higher  than  tnose  in  the ^middle  P^^,^  ^^^^^ 
the      chain.       The      two    tallest   peaks      w  g^      califor- 

Rainier,    at    an    elevation    of    l^^JJ^^.J^    ^^^er,    at    14,261 

nia's  Mount  Shasta,  ^-^^^./^^l^t  The  high  eleva- 
feet,    clearly    Illustrate    this    point.  .^^^    ^^^    ^^^ 

tions      of      this    Range    are    primarily  F  Moisture 

climatic  variations  observed  ^^  Jj^^f  ^cean  flows  up  and 
laden      air      moving      off      tne    ^  precipita- 

over    the    High   Cascades,    resulting  ^.^.^^,   prevail    on 

^.^reart;rc;"Jea^^    eSjf,^^O.e.o„;s^^.a„.sc.pe^   .as 

this    spectacular    sen^o  

.. '  '  !  TTfrTnrpsuJts   from  snow  and 

4-1     AVnLmCHE     CHUTE      This   open   ^'rip   result   ^^^^     ^^^^^^^_ 

rock  c^ebrls   sliding  do.n   siope       ^     for^  ^^  .nusualiy 

^.re-^^r?-  - ' "?  V  ri^  °^^'^""  ^°"'^°" 

in  a  volcanic  breccia  high  on   the  riage. 
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CHEMATIC    CROSS    SECTION    OF    LAVA    FLOWS 

V    NORMAL   -  Arrow  points   toward 
North  Magnetic  Pole 

■X    REVERSE   -   Arrow  points 
toward  South 
Magnetic  Pole  '    ^ 


/C  V  ^    V   ^    V,  V  V  '^^  ^     '^  H 
/x    ><^  "-..  V     V    V.    V      "-     ^ 


2  MAGNETIC  REVERSALS  Tiny  magnetic 
ystals  C^)  in  lava  flows  record  the 
ientation  of  the  earth's  magnetic  field. 
sy  aline  parallel   to     the     field     before 

lava  hardens  to  preserve  the  North- 
'jth  directions.  By  examining  the  orient - 
ion  of  these  natural  magnets,  the 
\quence  of  reversals  can  be  determined. 

3  GEOMAGNETIC  TIME  SCALE  When  ages  of 
jnetic  reversals  from  a  large  number  of 
\/as  are  combined,  a  distinct  pattern 
/elops.  This  scale  is  similar  to  the 
jndard  Geological  Time  Scale  (Fig  3-2) 
t  based  on  magnetic  data. 


e  Cascade  Volcanoes 

Until   recently 
unt  Mazama,  occupi 
is   volcano   was 
ose  still  remainin 
e   type   of  rocks 
od  idea  of  the  nat 
gh   Cascade  Range. 
nity  to  determine 
scades,  and  perhap 


one  of  these  large  volcanoes; 
ed  the  present  site  of  Crater  Lake, 
constructed  in  much  the  same  way  as 
g.  Learning  how  one  was  built  and 
involved,  will  provide  a  reasonably 
ure  of  any  composite  cone  along  the 
Crater  Lake  offers  a  better  oppor- 
these  facts  than  any  place  in  the 
s,  the  entire  world. 
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When   did   the  Cascade  composite  cones  start  form- 
ing? just  a  few  years  ago  geologists  would  have  answer- 
ed  "about   two   million  years  ago."  More  recently,  the 
number  being  used  is  700,000  years  or  less.  This  rather 
dramatic  change  in  the  dating  of  major  Cascade  peaks  is 
notai  unusual  as  it  may  first  appear.  The  older  figure 
was   based  on  estimating  the  age  of  volcanoes  from  geo- 
logical studies   in   many   different   areas   along   the 
range.   By   contrast,   the   700,000  Y^^r  upper  limit  is 
determined  by  measurement  of   the   magnetic   character- 
istics  of  entire  lava  sequences  for  a  few  Cascade  vol- 
canS  (Jefferson,  Three  Sisters,   and   Mount   Mazama 
The   principle   used   to   determine  this  younger  age  is 
Jased'^on  ?he  magnetic   properties   of   volcanic   rocks 
Measurements   of   tiny   magnetic  minerals  indicate  that 
the  earth's  magnetic  field   has   reversed   o^   -^f,^^! 
directions   at   certain  times  in  the  past  (Figure  4  2). 

When  lava  is  cooling  to  solid  --^^'  ^^^f ^r^i^.^^ritel 
als  act  like  miniature  magnets  that  line  up  parallel 
wi?h  tie  earth's  magnetic  field,  just  like  a  compass 
needle.  When  the  earth's  magnetic  field  is  normal,  like 
today!  the  north  seeking  end  of  these  natural  compasses 
Doint  north.  If  it's  reversed;  flipped  to  the  opposite 
directionfthe  north  end  would  point  toward  the  south 
Doir  Th4  last  time  the  magnetic  field  reversed  was 
aSou^  70o!oOO  years  ago  (Figure  4-3).  Since  all  lavas 
produced  by  the  High  Cascade  volcanoes  have  normal 
orientation!  they  appear  to  have  formed  during  the 
present  magnetic  orientation,  within  the  last  700,000 
years. 

Mount  Mazama,  at  Crater  Lake,  shares  this  age  with 
the  other  composite  volcanoes  that  make  up  the  Cascade 
Range  Likewise,  it  shares  the  mode  of  construction  of 
thelJ'  other  high  peaks  as  well  as  other  similar  vol- 
canoes around  thl  wo?ld.  Most  of  the  volcanic  material 
whi?h  built  Mount  Mazama,  was  ejected  from  a  central  or 
main  vent  area.  This  does  not  mean  that  Mount  Mazama 
had  only  one  crater,  for  as  we  will  see  ^^^er  there 
llr^  likely  several  vents  in  the  summit  area.  This  is 
^he  main  ^ealon  that  composite  volcanoes,  or  any  vol- 
cano, ?ends  to  produce  an  i-erted  cone  shape  as  they 
become  larger.  Still  another  factor  ^^  the  reiai.iv_ 
amounts  o?  lava  and  PY-clastics  produced  by  the  vol- 
7v„  ,^^i-^A       in   rhaoter   Two,  composite  cones  ai.e 
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N^hich  produced  a  greater  percentage   of  cone  steepening 
)yroclastic  materials. 
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4-4  MOUNT  RAINIER  Over  25  glaciers  presently  move  down  the 
slopes  of  Mount  Rainier,  the  largest  of  the  Cascade  Com- 
posite  volcanoes. 
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/,  «T    MiiN<;ON  VALLEY     This  view  down  on  Park  Headquarters  from 
G^Jfi^d^ariilustrates  the  U-shaped,   flat  bottomed  nature 
?     fM^  nlTcial  valley.   The  entire  Rim  Village  area  was  be- 
neatrfce'i^en'thrNin^on  Glacier  filled  this   valley. 


,nrl  Quite  likely,  explosions  in  which  melt  water 
ranidirconverted  t;  steL.  Large  amounts  of  water  pro- 
ru^^f^fforsuch    rapid.melting   often    resulted^ 

^^l°fet^  ir^w^;  aTinorve  ?on  if'Lcrp?ocesses  that 
result^  from  the  most  recent  eruption  of  California's 
rassenieak°in  1917,  to  P-^-%^J;\^r|f  ^^J^nr  pro- 
:°^:r  ^al;^  ex^c^li^n^t  SxaSriS^o?  t^?s"^ph^^;.e:i!"li.?lar 
-^arge^-r  efnfs  surely  occurred  as  -nt  -.a.a  ^was 
being      constructed,      but      eviaence      ^^  w„^u      ^f      the 

^CSlefs  ias  caSed  away  fro.  the  central  vent,  only 
to   be    left    far    down   the    valleys. 

Much  of  the  crater  Lake  ^f  ^-^P^^^^^i^^^^'^The 
from  glacial  erosion  as  veil  as  -^-^=3/2^  11' co-^^on^y 
Pleistocene      Epoch,    as    noted    in    Figure    i    z,    1^^  j^ 

called  the  Ice  Age,  for  it  was  during  this  period  that 
aticiers  were  widespread  in  the  Northwest.  Indeed,  the 
?iscade  volcanoes' weL  periodically  buried  in  moving 
tonguel  of  ice  during  this  time.  When  the  climate  was 
cooHnough   to   allow  winter   accumulations      of      snow      to 
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A-6  GLACIAL  5TRIATI0NS  In  the  past.  Mount  Mazama  had 
glaciers  flowing  down  its  flanks  to  produce  scratches  and 
polish.  Small  patches  still  remain  in  several  locations  on 
the  rim.    This  example  can  be  seen  near  North  Junction  on  Rim 

Dri ve . 


•uild  up  from  year  to  year,  glaciers  would  form  and 
row.  Temperatures  and  snowfall  today  still  nourish 
emnants  of  these  icy  rivers,  especially  in  the  Wash- 
ngton  section  of  the  Cascades  (Picture  4-4).  Farther 
outh,  however,  few  glaciers  exist  and  their  presence 
n  the  past  must  be  inferred  by  other  evidence. 
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Direct   evidence   of   glacial  activity  is  also  in- 

iicated  by  the  glacial  striations  (scratches)  found  on 

:he   volcanic   rocks   exposed   along   the   caldera  rim 
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GLACIAL  DEPOSITS 
BELOW  THE  RIM 


GLACIAL  EVIDENCE  LINES  SHOW 
DIRECTIONS  OF  GLACIAL  MOVEMENT 


4-7  GLACIAL  EVIDENCE  AND  DIKES  Glaciers  have  played  an  im- 
portant role  in  Mount  Mazama's  growth.  Some  of  the  glacial 
evidence  presented  on  this  map,  however,  has  been  reinter- 
preted and  is  now  thought  to  represent  non-glacial  deposits, 
(after  Williams,    1942)  .. 


(Picture  4-6).  These  are  caused  by  rocks  in  the  bottom 
of  the  ice  being  dragged  across  the  surface  in  sand- 
oaper-like  fashion.  If  the  rock  material  being  carried 
is  fine,  a  smoothing  or  polish-like  finish  will 
develop,  rather  than  coarse  notches  or  gouges.  Regard- 
less of  the  size  of  these  features,  they  provide 
positive  evidence  of  the  direction  the  ice  was  flowing 
as  it  moved  downhill  (Map  4-7).  Although  volcanic  rocks 
do  not  accept  or  retain  glacial  polish  as  well  as  other 
rock  types,  there  are  several  places  where  this  effect 
can  be  clearly  seen.  Rocks  exposed  at  Discovery  Point 
and  near  North  Junction  are  good  examples  with  easy 
access. 
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4-8  LLf\0  ROCK  More  than  half  the  height  of  the  caldera  wall 
in  this  picture  consists  of  a  single  lava  flow.  This  was 
originally  thought  to  fill  a  large  glacial  valley  but  recent 
evidence  suggests  the    depression    is  an  explosion  crater. 


Many  of  these  same  features  can  be  seen  inside  the 
ionn^M  ^^P^^^^"ting  evidence  for  glacial  activity  as 
lount  Mazama  was  being  constructed.  But  remember  that 
.ny  surface  developed  while  Mount  Mazama  was  actively 
■rowing,  such  as  the  U-shaped  valleys,  will  be  buried 
•eneath  later  eruptions.  There  are  examples  of  buried 
lacial  valleys  exposed  in  the  walls  of  the  caldera 
he  :ob  of  establishing  the  presence  of  a  glacial 
alley  requires  more  than  merely  finding  an  appropri- 
tely  shaped  cross  section.  Positive  evidence,  like 
e  ?o;,nr''i^^'°"^  °''  glacial  deposited  material,  must 
e  found  to  confirm  the  presence  of  glacial  activity 
eologists    m    the   past    have    been    too      eager      to      assian 

x^Ll  '"'"rT  '°  u"  9l--i-l  o-igin.  The  mos?  obJious 
xample  IS  Llao  Rock  (Picture  4-8)  which  does  have  a 
-shaped  appearance.  Recent  studies  suggest  a  complete- 
va^l^v-^'^'^p  explanation  for  the  shape  of  Llao  Rock's 
valley  Farther      east    the    base    of   Round    Top   was    also 

isti  '  .°  '^?"'^  '"°"'  ^'^^^^^  activity.  When  geolo- 
tn  \T.l-  ''^°^^  inspection  of  the  area,  immediately 
eneath  this  large  flow,  no  direct  evidence  of  glacial 
llrV.^''  can  be  found.  There  is,  however,  evidence  of 
It.nL  ^  ^""^^  m  some  places  along  the  caldera  wall, 
etailed      mapping      inside      the      caldera      indicates    that 
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4-9  BURIED  GLACIAL  VALLEYS  Shallow  glacial  valleys  have 
been  filled  with  lava  at  several  different  levels  in  the 
eastern  wall  of  the  caldera.  Glacial  material  beneath  the 
lava  may  provide  a  path  for  water  to  follow,  and  springs 
develop . 


glaciers  were  instrumental  in  Mount  Mazama 's   construc- 
tion, but  not  to  the  degree  attributed  to  it  originally. 

Evidence  suggests  that  recent  glaciers  were  large 
and  important  erosional  agents  in  certain  parts  of 
Mazama.  Ice  may  have  exceeded  500  feet  in  places.  Sun 
Knotch  and  Kerr  Knotch  testify  to  this  fact.  As 
glaciers  flow,  they  transport  loose  rock  material  ulti- 
mately depositing  their  load  at  the  terminous,  somewhat 
like  a  giant  conveyer  belt.  The  resulting  features  are 
known  as  moraines  and  serve  as  direct  evidence  of 
glacial  activity.  Moraines  consist  of  a  mixture  of  rock 
sizes  from  extremely  fine  powder  (rock  flour)  to  huge 
blocks  many  feet  across.  Until  recently,  many  of  the 
exposures  in  the  valleys  radiating  out  from  Crater 
Lake,  were  considered  to  be  glacial  deposits.  These 
deposits  do  have  many  of  the  characteristics  found  in 
moraines.  Careful  study  by  Dr.  Charles  Bacon,  however, 
has  shown  them  to  be  volcanic  in  origin,  rather  than 
glacial  till.  They  are  related  to  explosive  eruptions 
and  will  be  discussed  in  more  detail  in  Chapter  Five. 
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4-10  AVALANCHE  DEPOSITS  During  periods  of  eruptive  activity 
avalanche  material,  often  as  hot  debris,  was  enplaced  on 
Mazama'a  slopes  and  in  the  valleys.  Originally,  these  were 
mapped  as  glacial  deposits.  This  roadcut  through  avalanche 
debris  near  Park  Headquarters,  was  thought  to  be  a  small 
moraine. 


Uoter  and  Gravity 

Due  to  its  abundance,  water  is  usually  the  most 
inportant  erosional  agent  in  a  humid  climate.  This  is 
ndoubtedly  true  for  Mount  Mazama  as  it  erupted,  grew, 
nd  was  altered  by  flowing  water.  Any  glacial  valley 
tarted  as  a  stream  valley  and  was  certainly  occupied 
y  running  water  when  not  filled  with  ice.  But,  evi- 
ence  of  erosion  by  water  as  Mount  Mazama  was  being 
uilt,  is  almost  nonexistent  at  the  surface  today.  With 
he  advent  of  the  final  eruptions,  all  these  valleys 
ere  buried  under  many  feet  of  pumice  completely  con- 
ealing  the  original  topography  of  the  volcano.  What  is 
een  in  the  park  now  is  water  erosion  of  these  pumice 
eposits,  which  have  occurred  in  the  last  few  thousand 
ears.  These  rather  spectacular  gorges  will  be  discus- 
ed  in  greater  detail  in  Chapter  Six. 

One  of  the  most  widespread  agents  of  erosion  is 
he  downward  pull  of  gravity  (mass  wastage).  Since  it 
s  present  everywhere  on  the  earth's   surface,   gravity 
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only  needs  loose  rock  to  be  an  effective  transporting 
agent.  Since  much  of  the  volcanic  material  produced  by 
a  composite  volcano  is  loose  debris,  mass  wastage  is 
prevalent  on  these  structures.  Whenever  the  slope 
becomes  too  steep  to  maintain  a  stable  condition,  a 
portion  will  simply  break  away  and  slide  downhill  as  a 
rock  slide  or  landslide  (Picture  4-1).  Angles  as  low  as 
30  degrees,  or  even  less,  are  steep  enough  to  allow 
mass  wastage  to  occur. 

Factors  that  affect  how  mass  wastage  occurs,  in- 
clude many  conditions  such  as  the  type  of  debris  and 
the  slope  angle.  Angular  blocks  tend  to  be  less  likely 
to  move  than  more  rounded  shapes.  Water,  however,  may 
be  the  most  critical  influence  in  allowing  movement  to 
occur.  Generally,  the  greater  the  percentage  of  water 
in  loose  rock  material,  the  easier  it  will  respond  to 
gravitational  forces.  As  a  result,  water  saturated  de- 
bris may  move  down  slopes  of  only  a  few  degrees  as  a 
semi-fluid  mass. 


Inside  the  Coldera 

One  of  the  reasons  Crater  Lake  is  so  pleasing  to 
the  eye  is  the  high  walls  which  confines  the  lake  on 
all  sides.  It's  this  same  feature  that  provides  much  of 
the  evidence  for  geologists  who  are  trying  to  recon- 
struct how  Mount  Mazama  was  originally  built.  Although 
the  basic  nature  of  a  composite  volcano  is  described  in 
Chapter  Two,  the  details  displayed  in  the  caldera  walls 
indicate  a  much  more  complex  geological  history  for 
Mazama.  Much  of  this  evidence  can  only  be  appreciated 
from  lake  level.  And  the  boat  tours  offer  the  best 
method  for  examining  the  geology  exposed  in  the  caldera 
wa  1 1  s  . 

Along  the  southeastern  caldera  wall,  directly 
opposite  the  Phantom  Ship,  the  exposed  rocks  are  some 
of  the  oldest  in  the  park.  By  use  of  modern  dating 
methods,  a  tentative  age  of  300,000  years  has  been 
measured  for  rocks  found  low  on  the  caldera  wall  in 
this  area.  Although  these  rocks  probably  do  not  repre- 
sent the  original  eruptions  of  Mount  Mazama,  they 
appear  to  be  the  oldest  presently  exposed  and  seem  to 
be  part  of  an  early  volcano  which  occupied  this  site. 

This  small  cone  has  been  given  the  name  "Phantom 
Cone"  because  the  Phantom  Ship  composes  a  portion  of 
the  feature.  By  observing  the  caldera  wall  below  Dutton 
Cliff,  a  good  cross-section  of  this  early  structure  can 
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4-11  PHANTOM  SHIP  As  the  small  Phantom  Cone  was  intrudea  Dy 
magma,  dikes  were  formed.  The  "sails"  represent  one  such 
dike  which  resists  weathering  better  than  the  lava  that  com- 
poses  the  base  of  Phantom  Ship. 


pe      seen,  comprising  about  halt  the  distance  from  water 

evel  to  the  rim.   Much   younger   lavas   lap   upon   the 

'hantom  Cone   from   the   east,   in  a  rather  pronounced 

>lope  in  this  wall.  Also,   some   of   the   pinnacle-like 

features   are  thought  to  represent  magma  that  filled  in 

he  vent  of  this  volcano.  The  Phantom  Ship,  as  part   of 

his   feature,   has  "sails"  that  were  formed  from  dikes 

;utting  across  the  lavas  which  make  up   this   old   cone 

Picture  4-11). 
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Other  parts  of  the  caldera  wall  appear  younger 
this  southeastern  region.  The  lower  portions  of 
caldera  are  composed  primarily  of  andesitic  lava 
Individual  flows  range  from  ten  to  eighty  feet 
but  the  majority  are  in  the  twenty  to  thirty 
category.  From  the  description  of  composite  vol- 
s  in  Chapter  Two,  alternate  layers  of  lava  and 
lastic  material  would  be  expected  in  a  cross- 
on,  and  this  is  what  a  typical  wall  of  the  Crater 
<-nl  flora  looks  like  upon  first  examination.  The 
.l.Tik  zonos  nppoar  to  bo  lava  while  the  li< 


4-12  AUTO-BRECCIATION  This 
cross-section  of  a  single 
lava  flow  shows  the  three 
zones  which  develop  as  the 
flow  moves.  Cooling  at  the 
base  and  the  top  causes  the 
lava  to  solidify  then  break 
up  into  rubble  zones.  The 
more  fluid  lava  in  the  mid- 
dle solidifies  after  all 
movement  has  ceased,  re- 
sulting in  the  massive 
appearance . 


When  a  lava  flow  moves  down  slope,  the  bottom  will 
cool  more  quickly  as  heat  is  rapidly  lost  to  the  ground 
and  the  liquid  rock  starts  to  harden.  With  the  contin- 
ual movement  of  the  more  fluid  lava  in  the  central  part 
of  the  flow,  this  solidified  layer  on  the  bottom  tends 
to  break  into  blocky  pieces;  a  process  known  as  auto- 
brecciation.  As  a  result,  when  a  cross-section  of  one 
of  these  flows  is  observed,  it  appears  to  be  composed 
of  two  zones,  a  lower  pyroclastic-looking  region,  and  a 
lava  flow  on  top.  To  add  an  additional  complication, 
the  same  process  may  occur  in  the  upper  part  of  the 
flow.  Rapid  heat  loss  to  the  air  also  results  in  for- 
mation of  a  blocky  pyroclastic-looking  zone  on  top  of 
the  more  massive  appearing  lava.  From  a  distance  it's 
difficult  to  distinguish  these  rubble  zones  from  actual 
pyroclastic  deposits.  There  are  good  road  cuts  along 
Rim  Drive  that  illustrate  this  process  quite  well. 
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h  the  concept  of  auto-brecciation  in  mind,  it 
r  to  believe  that  most  of  the  layering   visible 

caldera  walls  is  actually  the  result  of  lava 
d  not  pyroclastic  deposits.  This  leads  to  the 
on  that  Mount  Mazama  was  constructed  primarily 
ite  lava  flows  with  far  less  explosive  deposits 
suggested  for  the  origin  of  composite  cones, 
e,  however,  good  examples  of  pyroclastic  debris 
ered  with  lavas  at  several  locations  inside  the 

Both  Eagle  Craigs  (below  Garfield  Peak)  and 
1  between  Sun  Notch  and  Applegate  Peak  illus- 
e  classic  layering  of  composite  cones   (Picture 
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J  EAGLE  CRAIGS  This  1800 
t  wall  illustrates  the 
al  structure  of  a  composite 
e.  The  dark  layers  are 
esite  lava  flows  and  the 
ht  zones  are  pyroclastic 
josits.  Over  thirty  layers 
present . 


4-14  DEVIL'S  BACKBONE  The 
largest  dike  exposed  in  the 
caldera  wall  is  composed  of 
two  sections  and  extends  from 
lake  level  to  the  rim.  It  re- 
presents the  pattern  of  radi- 
ating dikes  associated  with 
composite  cones. 


Perhaps  the  most  obvious  features  to  be  seen  in 
2  caldera  walls  are  the  numerous  dikes;  magma  that 
lidifies  after  filling  in  cracks.  During  Mazama's 
nstruction,  vertical  fractures  formed,  which  allowed 
qma  to  move  toward  the  surface.  In  many  cases  this 
uid  rock  poured  out  on  the  surface  as  a  lava  flow  but 
iiietimes  it  became  trapped  below  ground.  In  any  event, 
sse  fractures  were  filled  with  hot  rock  which  even- 
ally  cooled  to  create  the  dikes  seen  along  the  walls 
day.  The  most  famous  of  these,  called  the  Devil's 
ckbone,  is  easily  seen  from  many  points  along  Rim 
live,  as  well  as  from  Sinnott  Memorial  Overlook  below 
m  Village.  The  most  striking  view  of  this  feature, 
wever,  is  from  the  boat,  where  the  full  effect  of  its 
liaht  and  width  can  be  thoroughly  appreciated  (Picture 
14).  At  the  base  next  to  the  water,  the  width  is  over 
m  (50  ft)  and  this  portion  rises  to  nearly  160  m 
00    ft).     It    is    one    of    the    youngest    of    the    many      dikes, 
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4-15    HILLMAN  PEAK     Horizontal  lava  flows  are  interrupted  by 

jagged  intrusions  of  magma  filling     the     vent  area     of     the 

Hillman     volcano.     The  collapse  disected  this  flank  cone  and 
exposed  its  internal  structure. 


\  for  it  cuts  across  all  the  older  material  exposed  in 
the  wall,  indicating  those  rocks  were  present  prior  to 
the  emplacement  of  the  Devil's  Backbone  dike.  Alto- 
qether  there  are  at  least  twenty  dikes  exposed  in  the 
walls,  many  occurring  along  the  northern  side  of  the 
raldera  (Map  4-7). 

An  especially  interesting  section  of  the  caldera 
wall  can  be  seen  at  the  west  end,  under  the  two  peaks 
named  Hillman  and  The  Watchman.  If  rocks  on  either  side 
of  Hillman  Peak  are  observed,  the  horizontal  layers  are 
readily  apparent  indicating  a  typical  portion  of  the 
vail.  Moving  in  below  the  peak,  however,  produces  a 
dramatic  change,  for  the  regular  layers  give  way  to  a 
dark,  massive  region  with  no  pattern  (Picture  4-15). 
This  represents  the  internal  structure  of  a  flank  vol- 
cano that  had  been  built  on  the  slope  of  Mount  Mazama. 
Indeed,  there  is  evidence  to  suggest  that  the  summit 
region  of  Mount  Mazama  was  composed  of  a  series  of 
smaller  volcanoes  similar  to  Hillman  and  The  Watchman. 
When  the  collapse  occurred,  approximately  half  of  this 
flank  volcano  was  caught  in  that  portion  which  fell 
away,  leaving  a  cross  section  of  the  vent  region.  Back 
from  the  caldera  wall  along  Rim  Drive,   just   north   of 
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4-i6  THE  WATCHMAN  A  dike 
leads  up  to  the  summit  and  is 
thought  to  represent  the 
source  of  magma  which  fed  the 
Watchman   volcano. 


4-17  TALUS  SLOPES  Pyroclastk 
zones  produce  loose  debris 
which  slide  down  the  stee: 
caldera  walls  to  form  talus 
slopes.  These  are  among  the 
youngest  features  in  the  park, 
forming  since   the  collapse. 


mass     wastage  of  a  large  sectiu  ^^^^ 

cover   the  scar.  - 


The  Watchman  turnout,  a  roadcut  has  been  made  through 
one  of  the  lava  flows  that  originated  from  the  Hillman 
volcano.  A  similar  situation  exists  for  The  Watchman. 
Rather  than  such  a  pronounced  vent  region,  however,  a 
dike  can  be  observed  that  may  have  served  as  the  source 
of    fluid   rock   to    feed    this    volcano    (Picture    4-16). 


Among    the   most    striking    features    that 
ed      inside    the   caldera   are    the    large    talus 
ture    4-17).    These    long,       smooth,       sandy-loo 
are      really      secondary      structures,    resulti 
wastage.    They    have    developed   by      loose      deb 
down      the    caldera   walls,    most    likely    from   z 
sive    pyroclastic   accumulations.    These    talus 
other      similar      mass      wastage      features    (Pi 
commonly    found    in   mountainous    regions,    are 
trations      of      what      happens      when      slopes 
steepened   and    unstable.    From  a   distance      th 
offer    easy   access    down   to   the    lake   but   are 
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can  be  view- 
slopes  (Pic- 
king slopes 
ng  from  mass 
ris  sliding 
ones  of  mas- 
slopes  and 
cture  4-18), 
good  illus- 
become  over- 
ey  seem  to 
much  steeper 


jLettood'TLil  ^hlcrheaas  lion,  the  north  B.m  Drive. 

The  observant  visitor  -V  f  so  notice  brightly 
colored  areas  in  =«^«"^^ /^.f^^eiiow,  buff,  brown, 
''""  "="f 'Ld^ofterh  vf  a  weltrered  Appearance,  .ore 

or   orange,  ana  ori:eu  uav^  i^^„;^  rr^rk      As  eruptions 

like  an  earthy  texture  than  volcanic  rock.  As^e^^p^^^^^ 

were   venting   materials   from   ^he  mag  ^^. 

Mazama,  hot   Chemically  active^gaseswe^  ^^^^^^_ 

released.   AS   these   ga  ^^^   partially   decom- 

tures,  nearby  rocKS  were  d      .  .   -,  minerals  to  clay- 
posed,   often   changing   the  original  mine       ^^^i^. 

?ike  materials.  ^i--^%^",,l^Lg  in  cilor°changes  from 

ing   ^-°"/f/^",J^rto'thr  brightly   colored   material 
dark  green  or  black  to  the     g  ^^^^^  .^  volcanic  and 
noted   above.   This   acciviLy      „_„ps   or   water-rich 
hydrothermal  regions  wherever  hot  gases 
fluids  erupt  onto  the  surface. 

.en  rtLn^d-f:orrcar:fS%S-o;%^rnntfrro"r  ^of 
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4-19  MOUNT  MAZAMA  A  scale  model  of  what  Mount  Mazama  may 
have  looked  like  can  be  seen  and  studied  in  Sinnott  Memorial 
Overlook  at  Rim  Village.  This  view  is  looking  toward  the 
west.  The  nature  of  the  upper  portion  of  the  mountain  is 
generalized  and  the  summit  region  may  have  been  lower,  com- 
posed of  several  overlapping  cones. 


the  volcano 
has  recently 
next  phase 
ter  One,  ear 
ultimately 
Crater  Lake. 
Why?  In  th 
Lake  will  be 
of    Mount    Maz 


;      the    caldera   walls.    This    part   of    the   park 

contributed    important    new  evidence    to      the 

of    this   geological    study.    As    noted    in   Chap- 

ly   geologists    discovered    that   Mount      Mazama 

collapsed      to      form   the   basin    that    contains 

How   did      this      happen?      More      importantly, 

e      next      chapter    the    "real"    story    of    Crater 

described   as   we    investigate    the    final    days 

ama . 
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Chapter  5 
Finol  Dovs  ot  Mount  Wlozomo 


Mount   «a--.=cf 'ouier   .Tr^.ttTZorlll   oufthi 

National    Park. 

„llUa.s.  story  of  the  ^^o^ation  of^^the^  Crater 
Lake  caldera  is  .''J?;^  °"  '"Hg^Jieved  that  after  a 
::rh«'"lon'   "r^sf  par!oI!"^P«K:ps^astin.   several   hu„- 

^.r-i     '^'^l.^l^^   lTTr.,TZ:   „af  ni^t 
:HS  fS  "i  rrirpIo.rorsleoa.e-Lrf/reJiJ^.t.-. 

■i-a"s--e-a.   ^erh-s?:£fh^J^^^^^^^^^^^^^ 

,„itial   weak   explosions   P"^f  "=^^  ^'"^i^/the  ^ent   by   the 
capable      of    being   transported   away    from  the  y^^ 

Tr^    SSt^'^ro^rct:^   ^^arM,rintfthe   air   and   the   wind 


this  feature  is  often  mistaken  for  a  lava  floiv.   fsee  5-15) 
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^  welded  2one(?) 
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5-2  IDEAL  PYROCLASTIC  SECTKh 
This  sketch  represents  a  sche- 
mactic  view  of  a  complete 
eruption  sequence.  The  lower 
air  fall  is  deposited  first 
and  an  upper  air  fall  or  lava 
is  last  to  form.  The  center 
part  of  the  ash  flow  may  be- 
come so  hot  that  it  remelts  tc 
form  a  welded  zone  that  looks 
like  lava  (Pictures  5-1  anc 
5-14). 


;ould 
tecogn 
arcje 
lodes 
:he    ai 
arqer 
ater . 
>f      pu 
mptie 
n    the 


not  continue  to  serve  as  a  transporting  agent, 
ition  of  two  distinct  types  of  pumice;  small  and 
particle  deposites,  provides  evidence  for  two 
of  emplacement.  Smaller  particles  dropping  out  of 
r  represent  early  eruption  stages,  while  the  much 
sizes      illustrate      pumice      flows      which      formed 

Williams  supposed  that  with  this  violent  series 
mice  eruptions,  the  magma  chamber  was  partially 
d   and    the    upper    portion    of    Mount    Mazama    collapsed 

resulting    void. 


The  insight  Williams  displayed  is  even  more  amaz- 
ing m  light  of  recent  progress  in  understandinq 
raldera  formation.  Much  of  what  will  be  described  in 
:his  chapter  was  not  available  to  him  as  he  pieced  the 
'rater  Lake  story  together  in  the  late  1930 's.  Today 
lowever,  we  are  the  benefactors  of  a  great  deal  of 
idditional  geological  research,  theory,  and  published 
nformation. 
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5-3  VIOLENT  VOLCANIC  ERUPTION  Composite  volcanoes  that 
experience  violent  eruptions  seem  to  be  the  source  of  ash 
material  shown  in  the  Figure  5-2  sequence.  In  some  cases, 
these  volcanoes  also  collapse  to  form  calderas.  Mount 
Mazama's  climactic  eruption  was  of  this   type. 
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recently   anothe 

has  been  recogn 
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lapse  of  Mount  Mazama 
of  either  research  or 
tic  material  behaves 
uptions.  Such  behavior 
tanding  the  caldera- 
Ash  ejected  during  ex- 
number  of  different 
Williams  recognized  as 
the  park.  Ash  falls 
cepted  names  for  these 
r  variety,  known  as 
ized  and  is  thought  to 
es. 


Although  major  eruptions  which  produced  large 
amounts  of  ash,  followed  by  caldera  formation,  have 
never  been  observed  in  progress,  a  number  of  smaller 
events  are  documented.  These  observations  and  theoreti- 
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Explanation  of  this  observed  sequence  can  be 
llustrated  by  the  theoretical  model  shown  !n  figure 
-3  This  schematic  sketch  shows  how  the  ash  flow  de- 
psits  are  thought  to  form  from  the  violent  eruption  of 
volcano  such  as  Mount  Mazama.  The  first  air  fall  de- 
osit  has  already  occurred,  producing  the  thin  basal 
as  n,!^?^^'"^  gas  causes  a  cloud  (gas  thrust  phase)  of 
as,  pumice   rock  fragments,  and  air  to  rise  high  above 

m^lPO  ^"'''h-^^"'^   ^°   a  height  of  several  kilometers 
roi  ^K  ^^"*?^"^  ?"  ^^^  pressure.  The   heat   resulting 

Sses  furthPr^iSS'  "f^"^  ^?  ^""^^^^  "^^  this  cloud  and 
.^nt  5  r  temperature  rise  of  the  accompanying  air 
aich  reduces  the  overall  cloud  density.  This  results 
a  convective  cloud  (convective  thrust  phase)  tha? 
iy  rise  many  kilometers  (miles)  into  the  atmosphere 
TrltTTy^H  ^^?-"^i"5  i"  the  process.  A  thi?d  cloud  !s 
:  moves         ''^  '^°''"  ^^^  volcano,  also  expanding  as 

This  mixture  of  gas,  pumice,  rock  fragments,  and 
.neral  crystals  represents  the  upper  portion  of  an  ash 
Whr)  to"''  ^^l.-^l-ities  ranging"^  from  14  km/hr 
)mi/hr)  to  as  high  as  225  km/hr  (140  mi/hr).  These 
.ssive  pyroclastic  flows  (ultimately  forming  the  thtck 
•h  flows  shown  m  Figure  5-2),  associated  with  com- 
.site  volcanoes,  are  thought  to   occur   when   the   gas 
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5-4  RED  CONE  As  a  medium  sized  cinder  cone,  Red  Cone  is 
130  m  (430  ft)  high  and  1  km  (2/3  mi)  across  at  its  base. 
Larger  cinder  cones  are  up  to  200  m  (650  ft)  high  and  nearly 
1.5  km  (1  mi)  in  diameter  (see  map  5-5). 


thrust  cloud  collapses  and  the  mixture  plunges  down  the 
flanks  of  the  volcano.  It  is  preceeded  by  a  blast  (or 
surge)  of  gas  and  finely  suspended  pyroclastic  debris. 
The  thin  surge  deposit  shown  in  Figure  5-2,  results 
from  this  rather  mysterious  blast.  Rapid  movement  of 
the  subsequent  ash  flow  is  due  to  the  hot  gases  which 
continue  to  expand  and  lift  (or  push)  the  solid 
material  being  transported  down  the  volcano's  flanks. 
Continuous  mixing  of  ash  flow  solids,  with  the  large 
pumice  blocks  "floating"  upward,  prevents  development 
of  laminar  bedding.  After  the  surge  layer  and  ash  flow 
have  been  deposited,  another  thin  air  fall  zone  grad- 
ually accumulates,  perhaps  by  ash  settling  out  from  the 
convective  thrust  region  (Figure  5-3). 

Not  all  zones  described  in  this  ideal  section  can 
be  seen  in  the  exposures  at  Crater  Lake.  As  we  continue 
to  examine  the  nature  of  Mount  Mazama 's  final  days, 
some  of  these  ash  flow  deposits  will  be  described. 
Understanding  the  way  pyroclastic  material  is  erupted 
and  deposited  is  the  key  to  interpreting  most  of  the 
pumice  deposits  found  at  Crater  Lake. 
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binder  Cones  and  Dadte  Domes 

Before  continuing  with  the  main  story  of  the 
Tiassive  final  eruptions  of  Mazama  ash  and  its  conse- 
juence,  there  is  a  short  side  trip  of  interest.  As  the 
Landscape  of  Crater  Lake  National  Park  is  observed  fror 
?im  Drive  or  other  high  vantage  points  along  the  rim, 
nany  small  conical  hills  often  attract  attention 
(Picture  5-4).  Indeed,  there  are  over  twenty  of  these 
;ye  catching  humps  in  and  around  the  park  (Map  5-5). 
lost  of  these  are  cinder  cones,  built  by  the  explosive 
eruptions  of  pyroclastic  ejecta  from  a  single  vent. 
rhese  features,  and  the  volcanic  material  which  forms 
:hem,  represent  a  specific  period  of  volcanic  activity 
in  the  area.  They  all  are  approximately  the  same  age 
[with  the  exception  of  Wizard  Island  which  is  younger), 
jeing  active  a  short  time  prior  to  the  final  eruptions 
)f  Mount  Mazama.  Although  their  age  has  not  been  pre- 
;isely  established,  they  are  a  little  older  than  the 
'inal  eruptions,  but  younger  than  the  last  major 
jlacial  activity  in  the  park.  From  these  observations, 
:he  Crater  Lake  cinder  cones  appear  to  be  between  8,000 
md  15,000  years  old. 

Before  the  mid-1970 's,  these  cinder  cones  were 
ronsidered  to  be  nothing  more  than  parasites  of  Mount 
lazama.  The  ejecta  which  built  these  small  volcanoes 
/as  thought  to  come  from  the  same  magma  chamber  which 
fed  eruptions  of  the  major  vent  of  Mazama.  Unlike  the 
indesite  lavas  which  built  Mazama,  the  rocks  composing 
lost  Crater  Lake  cinder  cones  are  in  the  basaltic- 
indesite  range  (Table  3).  Some  geologists  continue  to 
support  this  concept,  but  others  have  proposed  an 
ilternative  explanation.  This  more  recent  suggestion 
rievjs  any  cinder  cone  as  independent  of  the  major  near- 
)y  volcano  as  well  as  the  other  local  cinder  cones. 
?hus ,  the  magma  source  must  come  from  some  place  other 
:han  the  chamber  which  produces  lava  and  pyroclastic 
laterial  for  the  main  vent  eruptions  (Figure  5-6).  So 
far  this  question  of  the  nature  of  cinder  cones  has  not 
)een  resolved.  It  may  turn  out  to  be  a  rather  important 
jroblem.  If  the  magma  source  of  the  cinder  cones  is 
ieep  within  the  earth's  crust  or  the  upper  part  of  the 
lantle,  they  could  prove  to  be  a  "window"  to  "see"  what 
rhemical  compositions  exist  in  the  mantle.  This  in  turn 
lay  indicate  what  chemical  reactions  occur  deep  below 
:he  earth's  surface.  In  addition,  physical  conditions 
md  processes  could  also  be  inferred  to  help  understand 
low  the  earth's  crust  and  upper  mantle  behave  during 
[lagma  intrusions. 
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5-5  CINDER  CONES  &  DACITE  DOMES  The  numerous  cinder  cones 
and  dacite  domes  in  and  around  Crater  Lake  National  Park  are 
representative  of  the  hundreds  that  can  be  seen  in  the  Cas- 
cades. Although  the  origin  of  cinder  cones  may  seem  obvious, 
geologists  don't  agree  on  the  source  of  magma  erupted  to 
form  these  abundant   volcanic   features. ^^^ 


Cinder  cones  at  Crater  Lake  are  typical  of  the 
hundreds  of  such  volcanic  features  that  occur  along  the 
Cascade  Range  (Figure  2-7).  They  range  in  height  from 
lels  than  30  m  (100  ft)  to  over  200  M  (600  ft)  and  are 
usually      less      than    1600   m    ( 1   mi )    across    at    their    base. 
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5-6  MAGMA  SOURCE  This  sketch  illustrates  two  possible 
sources  of  the  magma  erupted  in  the  construction  of  cinder 
cones  The  solution  to  this  problem  may  have  important  im- 
plications  for  understanding  where  and  how  magma  is   formed 
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the  slope  that  loose 
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often  breaks  out  at  the 
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Much   less  obvious  than  the  cinder  cones 
)m--shaped  hills  that  occur  along  the   easter 

the  park  (Map  5-5).  Although  these  are 
ime  size  as  some  of  the  smaller  cinder  cones, 
>rmed  in  a  different  way.  Rather  than  explosi 
c  lava  producing  scoria  blocks,  bombs,  and 
rticles,  domes  result  from  rhyolite  or  dac 
iQue^zed  ud"  toward  the  surface  (Figure  2-7D) 
es-  lavas  are  too  thick  to  flow  and  simpl 
ke  a  mass  of  toothpaste.  Rapid  cooling  often 
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5-7  OBSIDIAN  -  RHYOLITE  The  fascinating  glassy  black  rock 
called  obsidian  is  really  a  form  of  rhyolite  or  dacite  that 
cooled  so  fast  no  crystals  could  form.  Although  obsidian 
does  not  commonly  occur  as  fluid  flows,  it  is  found  in  lavas 
erupted  on  domes  and  from  ring  fractures  in  calderas. 


in  a  glassy  texture  which  may  appear  black  due  to  the 
iron  and  magnesium  being  distributed  throughout  the 
rock.  This  is  the  familiar  rock  known  as  obsidian 
(Picture    5-7). 


The    relationship 
produced      the   Crater 
with    Mazama's      final 
evidence      indicates 
cinder    cones    and    thus 
Mazama's    large    final 
composed   of   dacite,    t 
ed      during      the      last 
tory.    As   noted   above, 
cones      may      be   comple 
chamber. 


of    the      volcanic      activity,      that 
Lake    cinder    cones    and    dacite    domes 
eruptions,       is      not      clear.       Some 
the      domes    are    much    older    than    the 
are    not    likely    to   be      related      to 
eruptions.    The    domes,    however,    are 
he    same    kind   of    rock   as   was    eject- 
explosive   period    in   Mazama's    his- 
the    source    of      magma      for      cinder 
tely    independent   of    Mazama's   magma 


Formation  of  the  Croter  Lake  Coldera 

Crater  Lake  and  the  caldera  it  occupies  seems  to 
display  a  unique  geological  setting.  Indeed,  a  common 
statement  applied  to  the  park  is,  "There  is  no  other 
place   like  it  in  the  world."  This  may  be  true  for  many 
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TABLE  5   TYPES  OF 

CALDERAS 

Type 

Process 

Volume 
of  Ejecta 

Example 

Kral-atoan 

collapse  of  top  of  large 

less  than 
100  km^ 

Krakatoa 

composite  cone  following 

Crater  Lake, 

explosive  eruption  of 

Oregon 

siliceous  pumice 

(10X7  km) 

Somma-Vesuvius, 

Italy 

(4  km  diameter) 

Katrai 

Collapse  of  volcanic  cone 

less  than 

10  km^ 

Mount  Katmai , 

summit  following  drainage 

Alaska 

of  central  magma  reservoir 

(3  km  diameter) 

to  feed  new  eruptions 

el sewhere 

Valles 

Floundering  along  arcuate 

more  than 
100  km3 

Valles  Caldera 

fractures  as  a  consequen- 

New Mexico 

ce  of  discharge  of  colos- 

(20 X  25  km) 

sal  volumes  of  siliceous 

Long  Valley 

pumice, independent  of  pre- 

Caldera, Calif. 

existing  volcanoes 

(30  X  17  km) 
Yellowstone  N.P. 
(48  X  70  km) 

Hawai  ian 

Col  lapse  of  the  tops  of 

not 

Kilauea  caldera 

shield  volcanoes  during 

important 

Hawaii 

late  stages  of  growth;  re- 

(4X3 km) 

lated  to  subterranean 

drainage  of  magma  from 

summit  areas  to  rift  zones 

and  flank  eruptions 

Others 

Collapse  or  subsidence 
due  to  magma  movement 
associated  with  shield 
cones 

spects  but  from  a  geological  perspective,  the   Crater 

ake  caldera  is  not  a  unique  feature.  There  are  dozens, 

erhaps  hundreds,  of   calderas   v/hich   have  formed   in 

arious   volcanic  regions  around  the  world.  Crater  Lake 

s  one  of  a  kind,  however,  not  because  it's  a  caldera, 
ut  because  it's  such  a  young,  well  preserved,  and 
deally-formed .  A  classic  example! 

What  event  or  series  of  events  leads  to  the 
reation  of  a  caldera?  There  is  no  complete  answer  to 
his  question,  but  a  picture  of  how  these  volcanic 
eatures  are  formed  is  being  pieced  together  as  more 
nd  more  examples  are  identified  and  studied.  It  is 
omewhat  misleading  to  use  Crater  Lake  as  a  model  for 
11  calderas  because  (1)  they  develop  in  a   wide   range 
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5-8  THE  PINNACLES  fts  the  ash 
flows  that  filled  glacial  val- 
leys cooled,  hot  escaping 
gases  formed  fumaroles.  The 
heat  welded  the  loose  ash  into 
resistant  layers  around  these 
vents  and  today  the  pinnacles 
represent  fossils  of  these 
fumaroles. 


nf  sizes  (2)  they  exhibit  various  ages  of  formation 
(thus  dJg^ee  of  preservation),  and  (3)  they  have  most 
likely  been  fo?med  by  several  different  processes 
llTle  5  shows  several  processes  by  which  /^ferent 
types  of  calderas  may  develop.  Crater  Lake  falls  into 
the  ?ype  known  as  Krakatoan,  named  from  an  island  in 
the    Sunda    Straits    between   Java   and    Sumatra,    Indonesia. 

Krakatoan    type    eruptions    represent   one   of    the   most 
violent   geological    events    known    to   occur   on    tne      eartn. 
Explosions      caused      by   gas-rich    siliceous   magma    Produce 
great    quantities    of    pumace    ejecta,    ^^^^^^^^^^^^    ^^%^^^ 
fall      and      flow      deposits      discussed      P^^^^^^^^^"    /^^^ 
activity   will    usually    continue      for      several      hours      or 
even      days.       In      relation      to      our      present   discussion, 
evidence    from   pollen    interbedded   ^ijh    Mazama      ash      sug- 
aests      activity      may      have    continued    intermittently    for 
I^JeralJears."^ Judging    from      Mount      M-— '  %„^^P°!J^|; 
great      quantities      of      air    fall    ash   were    produced    first 
and   then   transported   away   by   winds.      With      time,      erup- 
tions   became   more   violent   and   ash    falls    gave   way    to   ash 
flows.    Ultimately,    these    flows    assumed      the      nature      of 
hot      gas-charged    clouds    rolling    down    Mazama's    slopes    at 
high    velocities;    the    so-called   Nuees      ardente       (glowing 
aialancheK       Theory      suggests    such    features    result    from 
?he    collapse   of    a   gas    thrust   cloud   as      discussed      above 
(Figure      5-3).       Evidence      of      this    period    can    be    easily 
leenln    the   deep   valleys    eroded    into      these      ash      flows 
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ong   Annie   Creek,   Castle  Creek,  Sand  Creek  (Picture 
-8)  and  other  streams  in  the  park  (Appendix  Map). 

The  next  aspect  of  the  Crater  Lake  story  is  based 
1  speculation  tempered  by  logic.  With  the  eruption  of 
rge  amounts  of  magma  from  Mazama's  reservoir,  a  void 
iveloped  below  the  volcano.  Without  adequate  support 
ilow,  the  upper  portion  of  the  mountain  simply  col- 
psed  to  create  a  caldera.  The  process  resulting  in  up 
(  1,500  m  (5,000  ft)  of  Mazama's  summit  falling  into 
s  interior  was  most  likely  more  complex  than  just 
iscribed.  There  is  evidence  to  suggest  that  a  series 
fractures  (like  the  dikes  in  Chapter  4)  developed 
ong  the  northern  flank  of  the  volcano.  Perhaps  these 
irved  to  weaken  the  northern  portion  allowing  the 
illapse  to  start  and  progress,  intermittently,  south- 
rd  until  the  summit  was  consumed.  Although  the  exact 
chanism  is  unknown,  it  required  only  a  relatively 
lort  period  of  time.  Based  on  similar  geological  situ- 
ions  in  other  areas  of  the  world  and  legends  of  local 
tive  Americans,  the  duration  of  collapse  can  be 
asured  in  days,  or  weeks,  if  not  in  hours. 

luses  of  the  Final  (Climactic)  Cmption 

As  previously  stated.  Crater  Lake  is  considered 
le   of   the  classic  examples  of  a  caldera.  A  good  deal 

attention  has  been  focused  on  the  process  of  caldera 
irmation   using  Crater  Lake  and  several  other  calderas 

models.  Only  recently,  however,  has  the  question  of 
ly  calderas  form^been  addressed  by  geologists  working 
I  volcanic  regions.  And  although  a  unique  answer  is 
it  available,  several  theoretical  solutions  have  been 
iggested  to  explain  the  violent  activity  associated 
th  the  creation  of  a  caldera. 

The   key  to  explaining  massive  eruptions  of  silica- 

ch  ejecta  is  understanding  how  these  become  so  highly 

s   charged.   Magmas   with   high   Si02.  composition  can 

commodate  several   percent   volatiles   (mostly   water 

por)   in   solution.   Under  high  pressure,  these  gases 

ssolve  in  the  magma  more  easily  but   a   reduction   of 

essure   results  in  exsolution;  the  escape  of  gas  from 

liquid.  A  familiar  example  of   this   process   is   any 

rbonated   soft   drink.  As  soon  as  the  top  is  removed, 

leasing  the  pressure,   escaping   CO2  gas   fizzes   out 

jxsolution).   High  temperatures  have  just  the  opposite 

feet;  as   the   temperature   increases   volatiles   are 

reed   out   of   the   liquid.   Again,   warm  or  hot  soft 

inks  are  considerably   more   "explosive"   than   those 

illed   before   opening.   This   phenomena  of  dissolved 

67 


TABLE    6 

MATERIAL 

MISSING  SUMMIT 
MATERIAL 

ASH  MATERIAL 

Pre! iminary 
ash  falls 

Main  ash  flov/s 

Final    ash  falls 

TOTAL 


COMPARISON    OF    CLIMACTIC    ASH    VOLUME    AND 
MISSING    MAZAMA    SUMMIT 


VOLUME 


62  km 


29  -   37   km-^ 

25  -  33  km^ 

1   km3 

J* 


(15  nii3) 


(7  -  9  mi^) 
(6  -  8  mi3) 
(     0.25  mi^) 

„-3, 


CORRECTED  VOLUME 


62  km^       (15  mi^) 


J 


;3> 


55  -   71   km-"'        (13.3  -  17.3  mi")*       42  km-"       (10  mj-^) 
DIFFERENCE  20  km^        (    5  mi^) 

Mapping  of  the  ash  ejecta  produces  a  volume  far  too  large  because  the 
ash  expanded  greatly  upon  leaving  the  magma  chamber.     In  order  to  est- 
mate  the  actual   volume  it  occupied  as  magma,   the  present  totals  must  be 
multiplied  by  0.67.    (see  section  on  distribution  of  Mazana  ash  for  an- 
other  interpretation). 


gases  in  magmas  provides  the  basis  for  understanding 
massive  volcanic  explosive-collapse  features  such  as 
developed   at   Crater   Lake. 

Although  the  exact  mechanism  is  unknown,  two 
models  have  been  proposed  to  explain  these  violent 
events.  The  older  explanation  is  the  least  complicated. 
It's  based  on  an  accounting  of  the  amount  of  material 
ejected  during  the  climactic  eruption,  as  compared  to 
the  amount  of  Mount  Mazama  which  collapsed  into  the 
partially  emptied  magma  chamber.  This  balance  sheet  is 
computed  by  mapping  all  the  ash  fall  and  ash  flow 
ejecta  to  calculate  their  total  volume.  Next,  an  esti- 
mate is  made  of  how  much  Mazama  rock  material  disap- 
peared by  speculating  on  the  size  of  the  original 
volcano.  These  figures  are  shown  in  Table  6.  Such  com- 
parisons suggest  that  about  1/3  more  summit  volume  was 
engulfed  than  can  be  accounted  for  in  the  existing  ash 
deposits.  This  information  is  the  major  evidence  sup- 
porting   a   model    commonly    known    as    magma    withdrawal. 

Since  more  of  the  magma  chamber  was  emptied  to 
allow  the  summit  collapse,  than  can  be  attributed  to 
the  ejected  ash  deposits,  some  magma  must  be  removed  by 
another  mechanism.  The  method  usually  proposed  is  with- 
drawal of  magma  back  down  into  the  earth's  interior  or 
to    another    site    experiencing    surface    activity.       In      the 
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case  of  Crater  Lake,  there  is  no  evidence  to  confirm 
such  movements  of  magma  and  thus  the  mocJel  is  partially 
built  on  an  assumption.  The  initial  effect  of  maqma 
with(3rawal  is  a  reduction  of  pressure  in  the  magma 
chamber.  This  may  result  in  a  sud<3en  increase  in  temp- 
erature along  with  rapid  exsolution  of  volatiles.  Such 
a  combination  could  cause  the  magma  to  become  turbulent 
and  eventually  frothy.  A  series  of  explosions,  caused 
by  the  expanding  gases,  could  then  produce  large 
amounts  of  air  fall  ash.  Fractures  developed  in  the 
flanks  of  Mount  Mazama,  with  the  highly  energetic  magma 
moving  into  these,  which  further  reduced  the  pressure. 
Exsolving  gas  created  the  energy  to  drive  the  frothy 
liquid  upward  and,  like  a  soft  drink  when  its  top  is 
removed,  the  magma  expanded  rapidly.  Cooling  resulted 
due  to  this  rapid  expansion  so  that  the  ejected  magma 
was  solidified  quickly  to  become  a  rather  porous, 
glassy  solid  with  a  sponge-like  texture.  Gas  continued 
to  exsolve  even  as  these  ash  flows  raced  down  the 
slopes  of  Mazama.  This  resulted  in  a  bouyancy  which 
permitted  the  ash  to  travel  for  many  kilometers,  even 
on  level  ground.  As  this  process  was  occurring,  or  very 
soon  afterwards,  Mazama 's  summit  settled  into  the  space 
previously  occupied  by  the  escaping  magma.  Figure  5-9 
illustrates  this  sequence  of  events. 

A  somewhat  more  complex  model  goes  under  the  name 
of  magma  mixing.  Basaltic  magma,  generated  in  the 
earth's  mantle,  moves  upward  into  the  lower  crust  and 
provides  a  heat  source  to  partially  melt  the  rocks  that 
occur  there.  Because  the  temperature  of  basaltic  magma 
ranges  between  l,100°and  1,300°  C  (2,000°  -  2,375°  F), 
lower  crustal  rocks,  which  are  composed  of  minerals 
that  melt  at  lower  temperatures,  will  readily  start 
melting.  The  first  liquid  to  form  from  this  melting  of 
the  lower  crustal  rocks  is  rich  in  SiOg  and  has  a  com- 
position similar  to  rhyolite  or  dacite.  These  accumlate 
and  slowly  migrate  toward  the  surface  as  large  blobs  of 
diapirs.  If,  at  some  later  time,  this  mass  of  rhyolite 
magma  encounters  a  batch  of  basaltic  magma  (like  the 
one  that  furnished  heat  to  produce  the  rhyolite  origin- 
ally), mixing  will  likely  occur.  With  the  hotter  basalt 
again  providing  heat,  both  liquids  will  become  turbu- 
lent and  mix.  If  thorough  mixing  occurs  with  approxi- 
mately equal  amounts  of  basalt  and  rhyolite,  the 
resulting  magma  should  have  the  composition  of  ande- 
site.  In  Chapter  Four  it  was  noted  that  most  of  the 
lava  flows  associated  with  the  construction  of  Mount 
Mazama  are  andesites.  The  same  conclusion  can  be  drawn 
for  all  the  Cascade  composite  volcanoes.  The  production 
of  andesite  is  a  topic  of  much  debate  among  geologists. 
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Magma   mixing,   however,   provides   a   method   strongly 
favored  by  some  experts. 

Mazama's  magma  chamber  then  may  have  contained 
rhyolite,  which  was  periodically  mixed  with  basalt,  to 
produce  the  andesite  erupted  as  lava.  In  this  way,  a 
large  composite  cone  gradually  rose  to  a  height  of 
perhaps  3,600  meters  (12,000  ft)  above  sea  level.  There 
were,  of  course,  occasional  eruptions  of  pyroclastic 
ejecta  that  represented  more  explosive  periods  of 
Mazama's  history.  Some  time  prior  to  the  collapse,  the 
rhyolitic  magma  had  established  a  shallow  chamber 
beneath  Mazama.  As  rising  basalt  encountered  this 
gas-rich  rhyolite,  the  rhyolite  was  quickly  superheated 
causing  strong  turbulence  and  degassing  in  the  magama 
chamber.  Several  explosive  episodes  of  pyroclastic  ash 
fall  occurred  in  response  to  this  early  mixing.  Even- 
tually, however,  the  escape  route  was  plugged  and 
temperatures  increased  causing  further  exsolution  of 
the  volatiles.  Swelling  of  Mazama  may  have  occurred  as 
additional  basalt  was  injected  into  the  rhyolite  magma 
chamber.  When  the  stress  below  became  too  great,  a 
series  of  fractures  developed  allowing  the  confined 
magma  to  escape  in  one  grand  and  final  rush.  At  this 
point  the  magma  mixing  model  follows  the  same  sequence 
of  events  as  described  for  the  magma  withdrawal  theory. 
Figure  5-10  illustrates  how  magma  mixing  might  occur  to 
create  the  Crater  Lake  caldera. 

Both  of  these  suggestions  appear  reasonable  as  an 
explanation  for  the  Crater  Lake  caldera  but  it  must  be 
noted  that  they  are  "models."  There  is  a  difference 
between  reality  and  a  model  which  seems  to  fit  the 
evidence  and  provide  a  logical  explanation  of  events. 
Do  not  confuse  them. 


Sequence  of  Climoctic  €vents 


Since  Williams 
lapse   of   Mount  Ma 
cerns  the  final  eve 
Although   Williams 
made  various  propos 
to   work   out   the 
section   describes 
based  on  both  his  f 
gators,  who  have  co 
standing  of  Crater 


conclusively  demonstrated  the  col- 
zama ,  the  next  logical  question  con- 
nts  leading  up  to  the  collapse? 
and  geologists  who  followed  him  have 
als,  it  remained  for  Charles  Bacon 
details  in  the  early  1980 's.  This 
Bacon's  interpretations . These  are 
ield  work  and  that  of  other  investi- 
ntributed  to  a  more  complete  under- 
Lake  geology. 
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5-ii  REDCOUD    CLIFF  The     massive  V-shaped  dacite  lava  flow 

which  is  exposed  in  the   caldera    wall     fills     an     explosion 

crater.     Since     this  lava  was  extremely  viscous,  it  did  not 
flow  easily. 


An  outline  of  Mazama's  climactic  events  is  pre- 
sented in  Table  7.  The  volcanic  behavior  of  Mount 
Mazama  changed  sometime  before  ten  thousand  years  ago. 
Prior  to  this,  the  dominant  volcanic  activity  consisted 
of  andesite  lava  flows  with  minor  amounts  of  silicic 
(dacite  and  rhyolite)  material  being  ejected.  Most  of 
the  exposures  in  the  caldera  walls  surrounding  the  lake 
exhibit  this  long  history  of  andesite  eruptions. 

The  massive  lava  flow  exposed  on  the  eastern 
caldera  wall  is  called  Redcloud  Cliff  and  represents 
this  change  of  behavior  noted  above  (Picture  5-11).  It 
sets  a  pattern,  that  was  followed  by  several  of  the 
climactic  eruption  features,  which  occurred  a  few 
thousand  years  later.  A  vent  was  blown  in  the  flank  of 
Mazama  by  the  gas  charged  dacite  magma.  This  magma  was 
ejected  as  tephra  until  the  gas  pressure  subsided.  At 
this  point,  thick  dacite  lava  flowed,  filling  the  vent 
and  forming  the  dome-like  structure  represented  today 
by  Redcloud  Cliff.  Mazama  became  quiet  following  the 
outburst  of  Redcloud  dacite  allowing  gas  pressure  to 
begin  building  once  more. 
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5-12  FORGOTTEN  CRATER  The 
conduit  which  formed  this  cin- 
\der  cone  may  have  been  close 
enough  to  draw  off  a  little 
leqma   from  Mazama's  chamber. 


5-13  MIXED  LAVA  Rhyolite  in 
this  lava  flow  (light  bands) 
may  represent  magma  from 
Mazama's  chamber  which  mixed 
with  the  basaltic  material 
that  built  Forgotten  Crater. 


Sometime 
harging      the 
-12 )    began    er 
he      material 
o    be    tapping 
ts      conduit 
agma    chamber, 
t3.       As      a      re 
azama  '  s    main 
ith         the      ba 
rater.    Today 
ant      pieces 
ith    Forgotten 


during    this   period,      while      gas      was      re- 
magma    chamber.    Forgotten   Crater    (Picture 
upting.    Judging    from   the      composition      of 
(basaltic    andesite)    produced,    it   appears 
a   completely    separate   magma    source.    Since 
to      the      surface    was    so    close    to    Mazama's 
It's   possible    that   a    small    leak   develop- 
sult,       some      of      the      silicic      magma    from 
chamber   escaped      and      was      erupted      along 
saltic      andesite      which      built      Forgotten 
evidence    of    this    leak    is    found      as      abun- 
of   mixed    scoria    (Picture    5-13)    associated 
Crater    pyroclastic    deposits. 


The  next  major  event  occurred  about  seven  thousand 
ears  ago.  By  that  time,  the  magma  chamber  below  Mazama 
ad  replenished  its  gas  content  and  pressure.  The  Llao 
ruption  developed,  proceeding  much  like  the  Redcloud 
liff  event  described  above.  Following  the  initial 
ruption,  which  formed  the  Llao  vent  and  produced 
sphra    deposits,    the   massive    Llao   dacite    flow      was      em- 
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5-14  CLEETWOOD  FLOW  The  eruption  of  lava  from  this  vent 
occured  Just  prior  to  the  collapse  and  was  still  hot  enough 
to  partially  flow  back  into  the  caldera  as  the  collapse 
developed. 

placed  (Picture  4-8).  At  this  point,  geologists  ability 
to  make  accurate  time  determinations  improves  dramati- 
cally. Carbon  remains  of  plants, which  were  buried  in 
the  Llao  tephra ,  allow  this  event  to  be  dated  at  7,015 
+45  years  using  the  radiocarbon  technique  discussed 
later  in  this  chapter. 

Grouse  Hill,  a  second  large  dacite  flow,  was  form- 
ed shortly  after  the  Llao  rock  event.  It  lies  away  from 
the  caldera,  however,  and  thus  is  not  exposed  as  well 
as  the  previous  two  dacite  flows.  Although  Grouse  Hill 
appears  to  be  similar  to  both  the  Llao  Rock  and  Red- 
cloud  Cliff  features,  it  may  not  have  produced  a  sign- 
ificant tephra  phase  (see  Appendix  Map). 


Just  a  little  over 
Mazama  had  worked  itse 
tic  eruption.  This  fina 
fourth  explosion  vent 
Cliff.  The  Cleetwood  er 
tephra  phase  followed 
5-14).  It  almost  appear 
climactic  eruption  whi 
time.  Indeed,  the  time 


sixty-eight  hundred  years  ago. 
If  into  position  for  the  climac- 
1  sequence  probably  began  with  a 
much  like  Llao  Rock  and  Redcloud 
uption  also  produced  an   initial 

by  a  thick  dacite  flow  (Picture 
s  as  if  this  vent  triggered  the 
ch  followed  in  a  brief  period  of 
between  these  two  events  was   so 
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5-15  FLATTENED  PUMICE  -  OBSIDIAN  STREAKS  This  ash,  which 
formed  the  Wineglass  Welded  Tuff,  was  so  hot  upon  eruption 
that  it  caused  the  large  pumice  blocks  to  partially  collapse 
(ft)  or  reform  into  obsidian  layers(B) . 


ort  that  the  Cleetwood  flow  had  not  completely  cooled 
fore  climactic  eruptive  ejecta  covered  it  over. 

The  first  phase  of  the  climactic  event  consisted 
pumice  eruptions  from  a  single  vent  located  where 
e  deepest  part  of  the  lake  now  exists.  With  the 
rong  gas  pressure  pushing  this  pumice  out  vertically 
A  the  prevailing  wind  from  the  southwest,  great 
anities  of  Mazama  ash  were  carried  toward  the  north- 
st.  Today,  as  described  in  the  next  section,  this  ash 
ri  be  found  over  a  great  region  of  the  northwestern 
ited  States  and  into  Canada. 

"  Toward  the  end  of  this  eruption,  portions  of  the 
scted  material  were  extremely  hot  and  fell  close  to 
s  vent.  Once  any  movement  had  ceased,  the  high  temp- 
atures  caused  partial  melting  in  the  center  of  this 
phra  deposit.  Large  pumice  blocks  collapsed  to  form 
rizontal  fragments  or  thin  black  obsidian  streaks 
icture  5-15).  Such  a  condition  is  said  to  produce 
Lding  of  the  deposit.  This  feature,  called  the  Wine- 
iss  Welded  Tuff,  developed  only  in  the   low   portions 
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of  Mazama 's  northern  and  eastern  slopes.  Today,  where 
it  is  present,  the  Wineglass  Welded  Tuff  makes  an 
easily  recognized  zone  near  the  top  of  the  caldera 
wall. 

Following  deposition  of  the  Wineglass  Welded  Tuff, 
volcanic  activity  changed  from  a  single  vent  to  multi- 
ple vents.  It  is  thought  that  a  significant  amount  of 
magma  was  ejected  from  the  magma  chamber,  during  the 
first  phase  of  the  climactic  eruption,  to  initiate 
collaspe  of  the  summit  area.  As  subsidence  occurred, 
new  fractures  were  formed  that  nearly  encircled  the 
volcano.  These  vents  provided  an  escape  route  for  the 
main  pyroclastic  flows.  They  must  have  "boiled-out" 
much  like  the  soda  pop  analogy  used  earlier  in  this 
chapter.  As  the  confining  pressure  on  the  magma  was 
released,  the  dissolved  gases  quickly  exsolved  causing 
an  explosive  expansion.  This  drove  the  magma  out 
through  the  fracture  vents  which  were  forming  as  the 
summit  settled  into  the  interior.  Massive  pyroclastic 
flows  poured  down  Mazama 's  slopes  in  all  directions. 

But  why  was  the  fluid  rock,  which  was  stored  in 
the  magma  chamber,  erupted  as  pyroclastic  flows  and  not 
lava?  It  has  to  do  with  the  rapid  expansion  produced  by 
the  gases.  The  most  likely  explanation  suggests  that 
this  magma  was  close  to  its  freezing  temperature  when 
the  summit  collapse  began.  The  magma  was  driven  cut 
through  fractures,  causing  it  to  cool,  by  the  expanding 
gases  exploding  through  this  thick  liquid  rock.  Con- 
sequently, this  reduction  in  temperature  caused  the 
magma  to  freeze  almost  immediately.  Gases  continued 
pushing  this  solidifying  magma  out  of  the  chamber  as 
fragmental  pumice  debris.  Even  as  it  flowed  away,  gases 
continued  to  exsolve  from  the  solid  particles  providing 
a  bouyancy  or  "cushion"  of  gases,  that  carried  and 
pushed  the  flowing  mass  down  the  valleys  surrounding 
Mazama.  Finally,  some  fine  ash  was  blown  upward  into 
the  air  during  this  final  phase  of  the  climactic  erup- 
tion. Gradually,  it  settled  down  on  the  surface  forming 
the  thin  final  fallout  zone  that  can  be  found  on  top  of 
everything  else. 

When  the  main  pyroclastic  flows  stopped  moving, 
the  stream  valleys  were  filled  to  depths  up  to  several 
hundred  feet.  Gases  continued  to  exsolve  from  the  pyro- 
clastic material  and  percolate  toward  the  surface 
through  channel-ways  called  fumaroles.  Fine  ash  in  the 
fumaroles  was  removed  by  the  gas,  leaving  only  coarse 
fragments  in  these  vents.  Minor  welding  occurred  along 
these   vertical  channels  because  the  gas  was  still  hot. 
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Today,  portions  of  the  thick  main  pyroclastic  flows 
have  been  removed  by  stream  erosion  over  the  past  6,800 
years.  In  favorable  locations,  such  as  Wheeler  Creek 
Canyon  and  Annie  Creek  Canyon,  remains  of  these  fuma- 
roles,  now  standing  as  resistant  pinnacles,  can  easily 
be  observed. 

Thus,  the  Crater  Lake  caldera  came  into  existence, 
following  this  brief  but  violent  activity,  that  we 
refer  to  as  the  climactic  event.  Indeed,  from  a  geolog- 
ical perspective,  it  was  instantaneous.  In  Chapter  Six 
the  story  of  what  followed  the  collapse  will  be  con- 
tinued. For  the  balance  of  this  chapter,  however,  let's 
examine  some  of  the  ramifications,  resulting  from  the 
great  amount  of  pyroclastic  material  ejected  by  Mount 
Mazama ,  during  this  climactic  event. 


Distribution  of  Mozamo  Rsh 

As  noted  in  Table  6,  large  amounts  of  ash  were  de- 
posited as  ash  flows  during  the  climactic  eruption. 
Several  other  Cascade  volcanoes  have  also  produced 
major  amounts  of  air  fall  ash  during  explosive  erup- 
tions in  recent  geological  time.  One  may  wonder  how 
Mazama  tephra  can  be  distinguished  from  that  of  Mount 
St.  Helens,  Mount  Rainier,  Newberry  Crater,  or  others. 
There  are  several  methods  employed  to  accomplish  this 
task.  The  amounts  of  specific  minerals  and  the  refrac- 
tive index  of  the  pumice  glass  are  two  important  tech- 
niques. When  the  tiny  mineral  crystals  found  in  a 
certain  tephra  are  identified  and  counted,  their  per- 
centage remains  constant  regardless  of  where  the  ash  is 
found.  The  same  condition  occurs  for  the  refractive 
index  of  glassy  portions  of  the  pumice.  In  fact,  the 
variation,  in  either  mineral  percentages  or  refractive 
index  over  the  region  where  Mazama  ash  is  found,  is  no 
greater  than  in  a  single  fragment  of  pumice.  And,  of 
the  values  of  these  characteristics  are  dif- 
fer tephra  produced  by  other  volcanoes.  As  a 
a  fragment  of  tephra  found  anywhere  in  the 
Northwest  can  be  examined  to  learn  if  it 
during   the   climactic   eruption   at   Mount 


course , 
ferent 
result , 
Pacific 
originated 
4azama . 


I  One  of  the  features  of  Williams'  study  of  Crater 
Lake  in  the  late  1930 's,  was  a  detailed  mapping  of 
jMazama  ash.  Its  thickness  was  measured  and  plotted  on  a 
Tiap,  for  many  locations  in  central  Oregon.  By  connect- 
ing points  of  equal  thickness,  an  estimate  of  the  total 
(volume  could  be  calculated.  Map  5-16   illustrates   this 
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5-16  DISTRIBUTION  OF  MftZAMA  ASH  This  map  shows  Williams' 
original  determination  of  the  area  covered  by  ash  from  Mount 
Mazama.  Note  how  the  ash  flows  followed  the  glacial  valleys 
to   the  south,   southwest  and  north. 
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ess  greater  than  15  cm  (6  in),  the 
by  Williams.  Calculations  of  the 
imactic  eruptive  material  resulted 
5  km3  (11  mi^ )  as  noted  in  Table 
missing  Mazama  summit  material  was 
mi-^  )  .  After  correcting  the  ash 
its  volume  as  magma  prior  to  erup- 
mi3 )  descrepancy  existed.  Thus, 
e  magma  withdrawal  model  discussed 
years    later,    after    additonal    study 
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5-17  NEH'  ESTIMATE  OF  MftZAMA  ASH  DISTRIBUTION  A  much  great- 
er area  of  Mazama  air  fall  ash  was  mapped  by  Lidstrom  using 
new  methods  for  estimating  the  thinner  regions  of  ash  de- 
posits. From  this  map  it  appears  that  ash  was  carried  1400 
km  (800  mi)   from  Crater  Lake  to  the  norther^st. 


of  the  tephra  volume,  a  new  set  of  figures  was  proposed 
(column  2,  Table  8).  This  1968  study  allowed  more  tep- 
hra to  be  included  and  reduced  the  volume  of  Mazama 's 
summit  that  had  disappeared.  The  difference,  however, 
between  the  two  sets  of  values  was  still  large,  some 
24  km-^  (6  mi-^  )  .  Magma  withdrawal  continued  to  serve  as 
the  mechanism  for  explaining  how  the  Crater  Lake 
Caldera   was   created. 
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More  recently,  using  additonal   data 
echnique  to  estimate  total  tephra,  a  third 
as  been  made  (column  3,   Table  3).   Map  5- 
he   equal   thickness   lines   used   as  a  ba 
stimate.  When  missing  Mazama  summit  and  as 
ompared   in   this   study,   the  values  are 
ndicating  that  enough  material  had   erupte 
o]]apse.   It  is  not  necessary  to  assume  th 
as  withdrawn  from  below  Mount  Mazama,  and 
equence,   the   model   based   on  magma  remo 
ollapse  is  also  unnecessary.  Most  geologis 
end   to   ignore   this  study  and  prefer  to 
alues  when  discussing  the  formation  of  the 
aldera  . 
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n  previous  discussions,  the  time  of  caldera  for- 
was  given  as  about  6,800  years  ago.  The  methods 
o  establish  this  date  makes  one  of  the  most 
ating  studies  associated  with  Crater  Lake  geol- 
After  considering  several  ways  to  estimate  the 
of  collapse,  Williams  concluded  that  it  must  have 
ed  between  4,000  and  7,000  years  ago.  He  chose 
years  as  the  approximate  age  of  the  caldera.  More 
ly,  however,  a  more  precise  tool  for  dating  young 
ic    events    has   been   developed;    radiocarbon   dating. 


Certain      carbon 
rate    to    form   nitroge 
com      carbon      to      nit 
redictable    but    for   a 
squired      for      half 
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he      time      for      half 
arbon    to   convert    to 
alf      the      original 
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srted,       in      three    ha 
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atoms,  that  are  unstable,  disinte- 
n  which  is  stable.  The  conversion 
rogen,for   a    specific   atom,    is    not 

large  number  of  atoms,  the  time 
of  them  to  be  converted  is  known, 
d  as  its  half-life  and  represents 
of   any   given   amount   of    radioactive 

nitrogen.  After  one  half-life, 
radioactive  carbon  has  changed  to 
-lives,  three  quarters  has  con- 
If -lives,  seven  eights,  and  so  on. 
n    Figure    5-18. 
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5-18     RfiDIOCfiRBON       HALF-LIFE     For  each 

half-life  the  percentage  of  original 
radioactive  carbon  atoms  is  reduced  by 
half.  The  dashed  line  illustrates  the  case 
for  one  half -life  which  corresponds  to  50% 
of  the  original  amount.  Actual  years  could 
be  used  in  place  of  the  number  of  half- 
lives;  1  =  5730  years,  2  =  11,460  years, 
etc  Carbon  material  buried  in  Mazama  ash 
have  a  little  less  than  50%  of  the  origin- 
al radioactive  carbon  left  indicating  an 
age  of  slightly  more  than  one  half -life. 
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caldera.   It   almost   seems  that  this  dating  method  was 
custom  made  for  use  here. 

Because  the  climactic  eruption  and   resulting   ash 
flows   occurred   over   a  brief  period  of  time,  anything 
killed  by  burial  in  ash  would  show   a   radiocarbon   age 
equaf  to  the  age  of  Mazama  •  s  collapse.  Prior  to  burial 
under  the  ash  flows  and  air  falls,  the   landscape   sur- 
rounding  Mount  Mazama  was  forested.  In  most  cases,  the 
trees   covered   during   the   climactic   eruption    were 
killed,   experienced   ordinary   organic  decay,  and  soon 
disappeared.   Under   certain   circumstances,    however 
treef  were  changed  to  charcoal  and  ^hus  preserved.  This 
happened  when  the   ash   flows   were   hot    Since   trees 
bu^ieS   in   this  process  could  not  burn  in  the  ordinary 
'way   due  to  lack  of  oxygen,  the  volatiles  m   the   wood 
i::^;   driven   off   as   gases.  This  left  °"lythe  carbon 
behind  as  charcoal.   Conversion   to   charcoal   did   not 
affect  the  radioactive  carbon  and  it  began  to  change  to 
nitrogen.  When  such  a  tree  is  found   today,   buried   in 
Moun?'  Mazama  ash,  samples  can  ^e  dated  (Picture  5-19) 
C5everal  dates   determined   in   this   way   fall   m   the 
v!c!n!ty   of  7,000  years.  Recent  determinations  produce 
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i'^.L  -'^f?^^^  LOG  This  end-on  view  of  ^  log  buried  in 
Mazama  ash  is  typical  of  many  that  can  be  seen  in  the  Unpqua 
River  valley  northwest  of  the  park.  Notice  the  lark  nflnl 
bedding  which  is  characteristic  of  ash  flows  ^ 


as 


i  date  of  about  6,800  years  and  this  has  been  taken 
:he  age  of  the  Crater  Lake  caldera. 

With   the   climactic   eruption,   dispersal  of  huop 

akf 'ti!l.°'  "^^  ^"^  ^I?-  "l^--t;  colKpse!  Crate'r 
-ake   tells   a   fascinating   story  of  Mount  Mazama   The 

ationf  r  ''\[^'°'^  °f  the  caldera  and  massiJe  ac^ul! 
ations  of  ash  leave  little  doubt  of  what  happened  But 
his  IS  not  the  end  of  the  story.  A  large  pa?rSr*what 
e  see  today  in  the  park  has  developed  since  those  few 
ours,  days,  or   weeks   of   violent   volcani?   a^Svitv 

nticlimatic  at  this  point,  recent  geological  studies 
ave  made  this  part  of  the  story  quite  excitina  l? 
ontmues  in  Chapter  Six.  excmmg.  it 
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Chapter  6 
nfter  Mount  MozomQ 


with  the  collapse  of  Mazama's  sunmit  area  and  the 
formation  of  the  Crater  Lake  caldera,  the  spectacular 
;eological  events  were  over.  However,  there  are  a 
lumber  of  important  events  which  have  occurred  since 
the  basin  was  formed.  Some  of  these  are  volcanic  in 
lature  representing  the  dying  phases  of  Mount  Mazama, 
»hile  others  reflect  the  adjustment  to  a  new  topo- 
jraphic  feature;  the  sudden  presence  of  the  caldera 
^asin . 

I 

Post  Collapse  Volconism 

'     Even  though  the  summit  disappeared   into   Mazama's 

interior,   volcanic   activity   continued  for  some  time. 

kill  evidence  indicates   that   post   collapse   eruptions 

pere   confined   to  the  interior  of  the  caldera  and  that 

>11  rocks,  now  part  of  the  old  mountain,  resulted   from 

ictivity  prior  to  collapse.  Volcanic  eruptions  were  not 

xtensive  and  are  most  likely  represented  by   (1)   con- 

truction  of  two  cinder  cones  and  (2)  lava  flows  on  the 

aldera  floor.  It's  also  possible  that   a   dacite   dome 

s   constructed   just   east   of   Wizard  Island  at  this 

^.ime . 


6-1  WIZARD  ISLAND  The  base  of  the  Wizard  Island  cinder  cone 
is  surrounded  by  basal  lava  flows.  Those  extending  toward 
the  western  caldra  wall  are  most  prominent  and  may  be  easily 
seen  from  the  Watchman  Overlook.  They  represent  the  youngest 
volcanism  present  in  Crater  Lake  National  Park. 
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6-2  POST  COLLAPSE  FEATURES  Main  post  caldera  volcanic  fea- 
tures are  located  on  the  floor  of  Crater  Lake  and  Include 
Merriam  Cone  and  Wizard  Island  along  with  possible  lava 
flows.  These  flows,  if  present,  are  thought  to  be  covered  by 
sediments  accumulated  since  their  formation. 


Lava  flows  are  suspected  to  have  accumulated  on 
the  caldera  floor,  especially  near  Wizard  Island  and  in 
the  eastern  portion  of  the  basin  southeast  of  Merria« 
:one  (Map  6-2).  Near  Merriam  Cone,  the  topographic  sur- 
face of  the  floor  is  nearly  flat  over  an  area  of 
several  square  kilometers  (square  miles).  This  led  to 
speculation  that  a  lava  lake  developed  here  shortly 
ifter  the  summit  collapsed.  If  this  flat  area  repre- 
sents lava  flows,  they  may  be  associated  with  late 
eruptions  of  Merriam  Cone.  Lava  that  breaks  out  at  the 
>ase  of  a  cinder  cone,  near  the  end  of  its  active 
bruption   period,    is    a    common   occurrence. 

Less      open      to      speculation      is      the    region   at    the 

■estern    end   of    the      lake.      Wizard      Island      rests      on     a 

jlatform      thought      to      be      the      accumulation      of      post- 

ollapse    lava    flows.    There    are    two   opinions      concerning 
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the  emplacement  of  these  flows.  A  common  feature  of 
large  calderas  is  a  circular  fracture  system  located 
just  inside  the  caldera  walls.  This  zone,  known  as  a 
ring  fracture,  is  usually  the  site  of  pyroclastic 
eruptions  and  dacite  dome  emplacement  following  the 
cataclysmic  collapse  of  the  surface  when  the  caldera 
was  formed.  Both  Merriam  Cone  and  Wizard  Island  are 
located  approximately  where  a  ring  fracture  should 
exist,  if  one  were  present.  There  was,  before  the  early 
1980 's,  little  evidence  to  suggest  the  presence  of  a 
ring  fracture. 

A  7,000  year  old  volcanic  feature,  such  as  the 
Crater  Lake  caldera,  would  be  expected  to  show  a  sign- 
ificant amount  of  residual  heat.  Until  recently,  no 
evidence  of  leftover  volcanic  heat  had  been  found.  The 
great  accumulation  of  cold  water  had  completely  masked 
any  such  heat  reaching  the  bottom  of  the  lake.  In  the 
early  1980 's,  a  team  of  USGS  scientists  made  a  series 
of  heat  measurements  in  bottom  sediments.  This  research 
located  at  least  two  areas  with  higher  than  usual  temp- 
eratures (Map  6-2).  These  are  interpreted  as  thermal 
springs  which  carry  hot  fluids  from  as  deep  as  2  km 
(1.25  mi)  below  the  lake  floor.  Moreover,  these  areas 
of  high  heat  flow  are  located  close  to  where  a  ring 
fracture  would  be  expected.  Thus,  it  seems  there  is 
evidence  suggesting  that  both  a  ring  fracture  and  con- 
tinued volcanic  heat  is  present  in  the  Crater  Lake 
caldera. 

From  the  above  discussion,  the  suspected  lava 
flows  on  the  western  end  of  the  caldera  floor  could  be 
associated  with  a  ring  fracture  which  filled  it  to  a 
depth  of  nearly  500  m  (1600  ft).  Conversely,  they  may 
be  the  result  of  late  eruptions  issuing  from  the  base 
of  Wizard  Island.  A  casual  inspection  of  Wizard  Island 
indicates  that  basal  flows  form  part  of  the  island 
above  water  level  (Picture  6-1).  Since  the  thickness 
and  amount  of  lava  accumulated  in  the  western  portion 
appears  to  be  large,  it  seems  likely  that  multiple 
flows  occurred.  Such  a  conclusion  favors  many  eruptions 
from  a  ring  fracture  rather  than  basal  flows  from 
Wizard  Island.  Although  the  amount  of  lava  flowing  from 
late  eruptions  of  cinder  cones  can  be  relatively  large, 
multiple  flows  are  much  less  frequent. 

Other  than  the  construction  of  Wizard  Island,  the 
most  obvious  post-collapse  volcanic  event  was  the 
eruption  of  materials  to  build  a  cinder  cone  over  400  m 
(1,300  ft)  high  in  the  northern  part   of   the   caldera. 
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Motriam  Cone  lies  about  1.5  km  (1  mi)  from  the  north 
raldera  wall  and  is  about  1 . 5  km  ( 1  mi )  in  diameter 
(Map  6-2).  From  the  depth  contours  of  recent  topo- 
graphic maps,  it  appears  that  this  cinder  cone  is  un- 
jsually  symmetrical.  The  material  composing  its  slopes 
Lies  at  an  angle  which  indicates  eruptions  had  occurred 
sefore  any  significant  amount  of  water  had  collected  in 
:ho  ca Idera.  This  fact  suggests  that  Merriam  Cone  was 
ronstructed  in  air  shortly  after  the  caldera  formed. 
samples  dredged  from  the  southeast  flank  of  this  fea- 
:ure  are  similar  to  the  volcanic  scoria  that  occurs  on 
:he  Wizard  Island  cinder  cone. 

JUizord  Island 

Perhaps  the  most  spectacular  cinder  cone  in  the 
rorld  sits  along  the  western  shore  of  Crater  Lake; 
lizard  Island.  One  story  credits  William  Steel  with 
laming  Wizard  Island  because  he  thought  it  was  shaped 
ike  a  Wizard's  hat.  Certainly,  one  of  its  most  strik- 
ng  characteristics  is  the  symmetry  of  the  upper 
lortion  of  the  island.  As  noted  above,  Wizard  Island 
epresents  a  cinder  cone  with  associated  basal  lava 
lows.  Its  overall  size,  with  a  diameter  at  the  base  of 
bout  1,000  m  (0.6  mi)  and  a  height  of  nearly  250  m 
800  ft),  is  somewhat  smaller  than  Merriam  Cone.  Unlike 
lerriam  Cone,  Wizard  Island  has  a  well  developed  summit 
■rater  some  125  m  (400  ft)  across  and  25  m  (90  ft) 
leep . 

Dating  the  volcanic  activity  which  constructed 
fizard  Island,  tends  to  provide  more  dependable  results 
han  is  achieved  for  other  post  collapse  events.  The 
lasal  flows  which  make  up  the  western  portion  of  the 
sland  support  a  meager  growth  of  trees  (Picture  6-1). 
ising  a  dating  method  which  compares  tree  growth  rings, 
he  oldest  trees  growing  here  are  about  800  years  old. 
ince  basal  flows  tend  to  occur  near  the  end  of  a  cin- 
er  cone's  active  eruptive  life,  trees  on  this  flow 
lost  likely  indicate  a  minimum  time  since  the  last 
ruption  of  Wizard  Island.  In  addition,  as  noted  in 
hapter  Two,  the  life  history  of  a  typical  cinder  cone 
xtends  over  only  a  few  tens  of  years.  For  Wizard 
sland,  this  means  the  cone  and  its  basal  lava  flows 
ould  have  formed  at  about  the  same  time.  If  two  hun- 
red  years  were  allowed  for  the  trees  to  establish 
hemselves  on  this  rather  barren  terrain,  an  age  of 
pproximately  1,000  years  can  be  assigned.  Other  obser- 
ations,  such  as  the  fresh  appearance  of  the  lava  and 
yroclastic  material,  also  tend  to  confirm  the  youth- 
alness  of  Wizard  Island. 
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The  lava  flow  extending  westward  from  the  base  of 
Wizard  Island  is  thought  to  represent  the  last  major 
volcanic  activity  in  Crater  Lake  National  Park.  Outside 
the  caldera  there  are  no  hot  areas  to  suggest  remnant 
volcanism.  Features  such  as  fumaroles,  mudpots,  steam 
vents  or  other  signs  which  indicate  magma  still  exists 
below  the  caldera,  have  never  been  observed.  However, 
as  noted  above,  recent  evidence  from  heat  flow  measure- 
ments on  the  lake  floor  do  suggest  a  source  of  heat 
still  exists  below.  The  most  likely  interpretion  of 
these  new  findings  is  residual  heat  from  cooling  magma. 
In  somewhat  the  same  category  are  the  circular  "holes" 
which  have  been  reported  in  Fumarole  Bay  along  the 
southwest  side  of  Wizard  Island  (Map  6-2).  These  were 
originally  reported  as  fumaroles  formed  prior  to  the 
lake  level  reaching  its  current  height.  Recently,  this 
interpretation  has  been  questioned  and  an  alternative 
explanation  suggests  the  depressions  are  tree  casts 
resulting  from  a  lava  flow  which  trapped  trees  in  an 
upright  position.  At  this  time,  there  is  no  consensus 
of  which  of  these  ideas,  or  some  new  interpretation,  is 
most  likely  correct. 

One  other  unusual  feature  just  east  of  Wizard 
Island  has  been  identified.  Its  appearance  on  the  depth 
contour  map  of  Crater  Lake's  floor  provides  little 
evidence  of  what  this  structure  is  or  how  it  formed. 
Based  on  dredged  samples  of  dacite,  the  favored  inter- 
pretation suggests  that  an  intruded  dome  is  located 
here  (Map  6-2).  Dacite  domes  are  common  features  asso- 
ciated with  ring  fractures  in  larger  calders.  The  fea- 
ture in  question  appears  to  be  too  far  from  the  caldera 
wall  to  be  associated  with  a  potential  ring  fracture 
but  may  be  an  isolated  dacite  dome  emplaced  by  late 
eruptive  activity. 


Sedimentation  in  Crater  Lake 

Until  about  1960  little  attention  had  been  direct- 
ed toward  the  possibility  of  sedimentation  on  the 
caldera  floor.  The  prevailing  concept  viewed  the  entire 
floor  topography  as  resulting  from  volcanic  activity. 
In  addition,  with  the  age  of  the  caldera  placed  at  less 
than  7,000  years,  there  didn't  seem  to  be  enough  time 
for  any  significant  thickness  of  sediments  to  accumu- 
late. Recently,  geophysical  and  bottom  sampling  work 
indicates  that  a  sediment  layer  does  exist  over  much  of 
the  lake  floor.  The  favored  interpretation  is  based  on 
deposition  resulting  from  turbidity  currents. 
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Turbidity  currents  are  generated  by  sluirping  of 
ose  materials  resting  on  a  steep  slope.  At  Crater 
ke  the  loose  debris  remaining  from  the  collapse  ot 
zama's  summit  could  form  such  a  slope  along  the  in- 
de  of  the  caldera.  Indeed,  much  of  the  existing  wall 
posed  above  lake  level  displays  loose  material  and 
riodically  a  debris  slide  can  be  seen.  This  process 
uld  likely  have  been  rather  common  for  some  time 
rectly  following  the  collapse.  When  such  a  slide 
curs,  it  mixes  with  water  to  form  a  current  which  is 
avier  than  lake  water.  As  a  consequence  it  flows  in  a 
annel  until  its  energy  is  used  up  and  then  slowly 
ttles  out  in  a  layer  on  the  level  portion  of  the  lake 
ttom.  Although  there  is  no  way  of  knowing  how  often 
rbidity  currents  occurred  or  how  many  may  have  de- 
sited  sediments  on  the  caldera  floor,  they  were  like- 
frequent  events,  numbering  in  the  hundreds. 

If  this  interpretation  is  correct,  it  has  impor- 
nt  implications  on  earlier  concepts  of  the  nature  of 
ater  Lake's  floor.  As  an  example,  the  flat  area  (Map 
4)  representing  the  deepest  part  of  the  lake,  could 
the  result  of  sediments  deposited  from  turbidity 
rrents  rather  than  lava  flows  from  Merriam  Cone.  Of 
urse,  it  may  be  a  combination  of  these  two  processes 
th  sediments  covering  the  original  lava  flows.  Also, 
y  evidence  that  may  have  been  preserved  on  the 
Idera  floor,  that  would  indicate  how  the  callapse 
curred,  would  now  be  buried  below  many  feet  of  sedi- 
nt.  From  work  completed  so  far,  the  presence  of  sign- 
icant  sediment  layers  has  been  verified  in  the  three 
ke  bottom  basins. 

|ing  of  Crater  Lohe 

The  current  lake  level  and  its  constant  surface 
avation  appear  to  have  developed  from  precipitation 
2r  the  71  square  kilometers  (27.5  sq  mi)  of  surface 
ainage.  Evaporation  and  seepage  together  remove 
Dugh  water  to  balance  the  incoming  precipitation, 
an  though  the  filling  of  the  Crater  Lake  caldera  is 
2  of  the  most  recent  events  to  occur  in  the  park,  the 
Dcess  is  largely  a  matter  of  speculation  based  on  a 
tf  observations  and  facts.  Most  of  the  facts  have  been 
Dwn  for  years  and  include  details  such  as  water  temp- 
iture,  depth,  volume  and  surface  area,  average  pre- 
iitation,  and  topographic  configuration  of  both  th<? 
ce  floor  and  land  surface.  Speculation  is  centered  on 
Lculations  which  estimate  evaporation  from  the  lak«» 
face  and  percolation  into  porous  zones  in  the  bottom 
1  sides  of  the  basin. 
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6-3  LAKE  GAUGING  STATION  This 
automatic  lake  level  recording 
i  device  is  the  most  recent  of 
many  attempts  to  measure  fluc- 
tuations of  Crater  Lake.  The 
earliest  method  consisted  of  a 
simple  reference  "pin"  ham- 
mered into  a  rock  located  at 
lake  level  below  Sinnott 
Memorial   Overlook. 


6-4  ANNIE  SPRINGS  One  of  the 
largest  of  the  many  springs 
which  occur  on  the  south 
flank,  can  be  seen  Just  inside 
the  entrance  station.  Evidence 
indicates  its  source  of  water 
is  rain  and  snow  runoff  rather 
than  seepage  from  Crater  Lake. 


As  Williams  clearly  stated,  there  does  not  seem  to 
be  any  way  of  determining  what  time  span  was  required 
for  the  caldera  to  be  filled  to  its  present  level.  Cal- 
culations based  on  climatic  conditions,  like  those  now 
observed,  suggest  filling  would  require  a  minimum  time 
of  between  700  and  1,500  years.  There  are  simply  too 
many  unknown  factors  to  allow  a  more  accurate  predic- 
tion. On  the  other  hand,  there  is  no  strong  evidence, 
such  as  higher  beach  lines,  to  indicate  that  lake  level 
was  significantly  higher  than  the  current  position.  Al- 
though there  have  been  fluctuations,  with  a  range  of  as 
much  as  twenty-two  feet,  between  the  lowest  to  highest 
level  recorded,  the  yearly  variation  amounts  to  only 
three  or  four  feet.  In  summary,  a  common  explanation  is 
that  water  accumulated  from  precipitation  until  it 
gradually  reached  the  present  level.  With  the  lake  at 
its      present   elevation,    the   amount   of    surface    area   pro- 


iding  evaporation  and  the  porous  zones  encountered 
elow  lake  level  just  offset  the  incoming  precipita- 
ion.  From  lake  level  measurements  made  over  nearly 
inety  years,  the  lake  appears  to  have  reached  an 
quilibrium:  water  added  is  balanced  with  that  removed 
Picture  6-3). 

Early  investigators  set  up  a  number  of  experiments 
esigned  to  establish  the  relationship  between  how 
ater  is  added  and  removed  from  Crater  Lake.  These  were 
argely  concerned  with  evaporation  from  the  lake's  sur- 
ace  and  consideration  of  how  water  might  escape  by 
ercolation.  Evaporation  measurements  suggest  about 
wo-thirds  to  three-fourths  of  the  water  is  lost  by 
vaporation  and  the  balance  by  seepage  through  porous 
ock  layers.  Numerous  springs  on  the  outer  flanks  of 
ount  Mazama  may  represent  escaping  lake  water,  but 
ith  one  exception,  no  connection  has  been  demonstrated 
Picture  6-4).  Recent  chemical  evidence  from  a  large 
pring  that  marks  the  beginning  of  the  Wood  River, 
Dout  20  km  (12  mi)  to  the  southeast,  indicates  the 
iter  is  from  Crater  Lake.  With  this  tentative  excep- 
Lon,  the  story  of  how  Crater  Lake  collected  in  the 
ildera  basin  has  changed  little  since  the  1890 's. 

•Qter  Lake's  ULJater 

Perhaps   the  single  most  unusual  feature  of  Crater 

ike  National  Park  is  the  color  of  the  water.  Visitors, 

)on  first  seeing  the  lake,  can  frequently  be  overheard 

rvelling  at  the  deep  blue  color,  just  as  the   members 

the   Hillman  party  did  over  125  years  ago.  Although 

:s  color  may  vary  over  a  wide   range   of   shades,   the 

ep  indigo  is  the  most  dramatic.  The  explanation  seems 

•  be  related  to  a  number  of   factors   including   water 

pth,   transparency,   purity,  steepness  of  the  caldera 

lis,  and  others.  One  probable  cause  is  based   on   the 

ture   of  water  molecules  and  their  ability  to  scatter 

ght.  As  a  result  of  this  scattering,  the  blue  portion 

the  original  sunlight  entering  the  water  is  concen- 

ated  back  toward  the  surface. 

Almost  as  unusual  as  its  color  is  the  purity  of 
ater  Lake  water.  As  one  researcher  noted,  it  is 
ntermediate  between  dust-free  and  distilled  water." 
deed,  eighty  percent  of  all  its  water  is  distilled 
ter  in  the  form  of  snow  or  rain  falling  directly  into 
e  lake.  An  additional  sixteen  percent  is  snowfall  or 
in  that  rapidly  reaches  the  lake  from  the  surounding 
sin  walls.  Chemical  analysis  reports  most  elements  or 
tnpounds  in  a  few  parts  per  million,  extremely  low  for 
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6-5  LAKE  TEMPERATURE  CURVE  This  general- 
ized temperature  profile  represents  the 
upper  300  feet  of  Crater  Lake  for  the  sum- 
mer season.  Few  winter  measurements  have 
been  made  but  surface  water  is  probably 
near  freezing  because  of  heat  loss  to  the 
atmosphere. 


surface      water.    Moreover,    the    amo 
jmatter    is    also   very      low.       Taken 
jcharacteristics   make   Crater    Lake 
{distinctive    found   anywhere    in    nat 
'aspect      of    this    purity    is    the    tra 
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As  might  be  expected,  based  on  the  source  of  the 
lake's  water  and  its  elevation.  Crater  Lake  is  cold.  A 
typical  summer  temperature  profile  is  shown  in  figure 
6-5.  A  maximum  temperature  of  about  18°  C  (65**  F)  is 
reached  in  late  summer  at  the  surface.  It  then  de- 
creases with  depth  down  to  about  100  m  (325  ft)  where 
it  stabilizes  at  4**  C  (39°  F).  During  winter  months, 
surface  heat  is  lost  to  the  cold  air  until  a  near 
freezing  temperature  is  achieved.  However,  only  rarely, 
has  Crater  Lake  completely  frozen  over.  This  unsuspect- 
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6-6     LLAO'5  HALLWAY     Rapid 

erosion  by  runoff  water  has 
cut  deeply  into  the  final 
eruption  ash.  This  side  canyon 
of  Castle  Creek  represents  an 
early  stage  tvhiie  many  of  the 
major  valleys  have  enlarged  to 
display  flat  floors  with  steep 
walls  (Picture  6-8). 


6-7  PUMICE  DESERT  Several 
hundred  feet  of  ash  flow 
material  was  deposited  north 
of  Mount  Mazama  during  the 
final  eruption.  Low  water  con- 
tent and  high  surface  tempera- 
tures in  the  surrmer  contribute 
to  the  harsh  conditions  making 
plant  growth  difficult. 


6-8  CCDFRY  GLEN  As  Annie  Creek  cut  down  through  the  ash 
flows  this  large,  flat  floored  valley  was  formed.  The  far 
wall  illustrates  pinnacle-like  structures  similar  to  those 
in  Sand  Creek  Canyon   (Cover). 


5d  condition  results  from  several  factors  including 
surface  currents  driven  by  the  strong  winter  winds  and 
|its   great   depth. 

Post  Collapse  €rosion 

As  noted  in  Chapter  Four,  running  water  is  an  im- 
Dortant  agent  of  erosion  and  is  undoubtedly  the  major 
rause  of  erosion  outside  the  caldera  since  the  col- 
Lapse.  Even  a  casual  inspection  of  the  streams  flowing 
3own  Mazama 's  slopes  today  will  verify  this  conclusion 
(Picture  6-6).  As  the  climactic  ash  flows  poured  down 
the  pre-collapse  stream  valleys,  their  original  shapes 
vere  covered  with  as  much  as  several  hundred  feet  of 
jyroclastic  material  (Picture  6-7).  With  the  re- 
istablishment  of  streams  in  these  ash  flows,  rapid 
jrosion  by  running  water  quickly  cut  down  into  the 
.oose  ash  (Picture  6-8),  The  result  of  nearly  seven 
:housand   years    of   erosion    can      readily      be      seen      along 
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park   roads   boardering  Annie  Creek,  The  Pinnacles,  and 
Castle  Creek  (Appendix  Map). 

Crater  Lake,  as  we  find  it  today,  is  the  result  of 
not  only  its  long  volcanic  history  of  mountain  building 
and  caldera  formation,  but  also  the  climatic  conditions 
of  the  last  few  thousand  years.  The  15  m  (50  ft)  of 
annual  snowfall  has  played  a  major  role  in  creating  the 
Crater  Lake  scenery.  Following  the  collapse,  high  pre- 
cipitation has  both  filled  the  caldera  and  sculptured 
the  surrounding  topography.  Is  this  the  conclusion  of 
the  Crater  Lake  story  or  will  there  be  another  more 
exciting  chapter  written  by  future  geological  events? 
Chapter  Seven  looks  at  this  question. 
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Chapter  7 
Crater  Lake  Tomorrouu 
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visitor  can  readily  determine,  both  Crater 
rater  Lake  National  Park  exist  because  of 
vents  that  have  transpired  over  the  last 
usand  years  in  central  Oregon.  Like  many 
al  parks.  Crater  Lake   was   established   to 

preserve  the  geological  setting  and  other 

cts  of  this  arer" .  This   commitment   by   the 

the   United  States  through  Congress  ensures 

visitors   will   find   the   park,   and   its 

a  natural  state  just  as  it  is  today.  Does 
at  nothing  will  change?  On  the  contrary, 
tems  are  dynamic  and  include  geological 
ch  although  slow  as  man  reckons  time,  con- 
rate  at  Crater  Lake. 


Volcanic  activity  along  the  Cascades  has  not  been 
pronounced  over  the  last  two  hundred  years;  the  period 
since  the  region  has  been  densely  populated.  From  a 
human  perspective,  this  quiet  period  may  be  considered 
typical.  However,  episodes  of  much  greater  volcanism 
are  every  bit  as  typical  for  these  volcanoes.  Will 
Crater  Lake  share  in  any  renewed  activity  along  this 
volcanic   mountain   chain?   Geologists   find   questions 


7-1  MOUNT  THIELSEN  In  contrast  to  the  younger  High  Cascade 
volcanoes ,  Mount  Thlelsen,  a  few  miles  north  of  Crater  Lake, 
is  an  example  of  an  older  series  of  volcanoes.  Union  Peak, 
in  the  southern  part  of  the  park,  also  belongs  to  this  pre- 
vious period  of  activity  and  both  show  extensive  erosion 
since   they  last  erupted,  perhaps  over  100,000  years  ago. 
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7-7  BUM^ASS  HELL  This  hot  spring,  venting  sulfur-rich  water 
and  steam  in  a  small  valley  in  Lassen  Volcanic  National  Park, 
is  associated  with  subsurface  volcanism.  Hydrothermal  fea- 
tures and  fumaroles  are  direct  evidence  of  hot  rocks  below 
the  surface.  These  are  common  in  the  Cascades, but  at  Crater 
Lake     none  are  present,  except   those  on   the  lake  floor. 


like  this  some  of  the  most  difficult  to  answer.  Pre- 
dicting future  geological  events,  especially  volcanic 
activity  and  earthquakes,  has  only  recently  become  an 
jrea  of  systematic  study.  Although  no  detailed  fore- 
:asts  can  be  made  concerning  the  geological  future  of 
[prater    Lake,    some    suggestions   are    possible. 

As  noted  in  Chapter  Six,  the  only  known  hot  areas 
n  the  park  occur  on  the  caldera  floor  masked  by  the 
old  lake  water.  However,  a  survey  of  other  areas  in 
he  Cascades  finds  many  locations  with  hot  springs, 
oiling  mud  pots,  fumaroles  and  other  direct  indica- 
ions  of  volcanic  heat  beneath  the  surface.  Excellent 
xamples  of  such  features  can  be  found  at  Lassen  Vol- 
anic  National  Park  in  northern  California  (Picture 
-2).  These  areas  most  likely  represent  near-surface 
agma  bodies.  Recent  drilling  near  Mount  Hood  and  in 
ewberry  Crater  has  also  found  water  at  unusually  high 
emperatures.  This  has  lead  to  a  new  concept  which  sug- 
ests  that  much  of  the  Cascade  Range  is  underlain  by 
eat  sources;  magma  bodies,  which  are  masked  by  the 
uch    cooler    water    near    the    surface. 
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since  the  time  when  pioneers  and  settlers  populat- 
ed the  Pacific  Northwest,  about  half  the  Cascade  vol- 
canoes have  been  observed  in  eruption.  Magma  bodies 
have  reached  the  surface  at  these  locations.  Between 
1914  and  1921  explosive  activity  and  a  lava  flow  occur- 
red at  Lassen's  crater.  Even  more  familiar  are  the 
recent  eruptions  of  Mount  St.  Helens  in  southern  Wash- 
ington. In  general,  many  Cascade  volcanoes,  that  have 
been  observed  in  eruption,  also  tend  to  display  hydro- 
thermal  features  like  those  at  Lassen.  With  the  dis- 
covery of  thermal  springs  on  the  floor  of  Crater  Lake, 
some  kind  of  heat  source  is  suggested  below  old  Mount 
Mazama.  As  we  have  seen  in  Chapter  Four,  the  site  now 
occupied  by  Crater  Lake  has  been  the  focus  of  volcanism 
for  many  hundreds  of  thousands  of  years.  It  is  not  un- 
reasonable to  expect  similar  activity  to  continue  in 
the  future. 

If  renewed  eruptions  were  to   occur,   where   would 
they   most   likely   develop  and  what  might  be  expected? 
Again,  an  educated  guess   can   be   made   based   on   the 
geological   history   observed  in  other  calderas.  Older, 
and  larger  calderas  commonly  exhibit   a   ring   fracture 
system  as  discussed  in  Chapter  Six.  This  zone  of  weak- 
ness develops  just  inside  the  caldera  walls  and  appears 
to   connect  the  magma  chamber  with  the  surface,  provid- 
'  ing  an  avenue  for  liquid  rock,  gases,  and   hydrothermal 
fluids   to  escape  upward.  If  such  a  structure  exists  at 
Crater  Lake,  any   renewed   volcanism  would   likely   be 
.  associated   with   this   zone  (Map  6-2).  Eruptions  would 
I  therefore  occur  on  the  lake  bottom  near  the  margins   of 
the  caldera.  Cinder  cones  and  dacite  domes  would  be  the 
:  most  likely  features  formed,  depending  on  the   kind   of 
I  magma   present   in   the   underlying   chamber.  These  are 
:  typical  features  produced  in  other  calderas.  Due  to  its 
'  youthfulness   and  location.  Wizard  Island  is  often  sug- 
j  gested  as  a  prime  candidate  for   the   next   episode   of 
;  volcanism.  However,  cinder  cone  history  dictates  other- 
jwise.  Unless  it's  atypical.  Wizard  Island's   period   of 
I  eruption  is  past.  It's  a  dead  volcano! 


These  sketchy  predic 
near  future  possibilities  i 
work.  Prospects  for  long 
sure  and  depend  on  many  fa 
completely  unknown  at  th 
Range  may  be  waning  if  the 
duction  zone  described  in 
floor  ceases  to  slide  benea 
the  energy  source  and  orig 
ish,  eventually  stopping   a 


tions  could  be  considered  as 
n  a  geological  time  frame- 
-term  activity  are  even  less 
ctors,  some  of  which  are 
is  time.  The  entire  Cascade 
cause  lies  with  the  sub- 
Chapter  Three.  If  the  ocean 
th  the  continental  margin, 
in  of  magma  will  also  dimin- 
Itogether.   Lack   of   earth- 


102 


Appendix 


103 


'1  -       Union  Peak  ',■  '.     s',    r'_K<^\^  '  ^    . 

0 


•.V 


]  Pre-Mazama  Lavas  It  i  ''j  Union  Peak  Lavas  |        |  Mount  Mazama  Andesites 

22  Mount  Mazama  Dacites    ['  .  '|  Mount  Scott  Lavas  |V»|  Dikes  and  vents  on  caldera  walls 

I  Parasitic  cinder  cones        [       )  Glowing  avalanche  deposits    |-/^"-J  Timber  Crater  Lavas 

Generalized  geologic  map  of  Crater    Lake   and    Vicinity       Plate    3.  Carnegie 
Inst    of  Washington     Pub    No    540.  1942 
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